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PREFACE. 


ON  SOME  GENERAL  PRINCIPLES  OF  SEISMOLOGY. 

(The  memoirs  of  the  Geological  Survey  of  India  usually  assume  a  certain 
previous  knowledge  of  the  subject  they  treat  of,  and  do  not  attempt  to  re* 
capitulate  the  elementary  principles  which  will  be  found  in  any  text-book  of  geology. 
In  the  case  of  the  earthquake  of  lath  June  1897,  which  has  attracted  more  general 
attention  than  is  usually  given  to  the  labours  of  the  Geological  Survey,  more 
elementary  details  than  customary  have  been  introduced,  but  even  so  there  are 
some  points  which  it  is  necessary  to  understand,  and  of  which  a  sufficiently  exact 
knowledge  is  by  no  means  common.  These  could  not  have  been  treated  in  the 
body  of  the  report  without  great  interruption  to  its  continuity  and  the  introduction 
of  a  large  amount  of  matter  which  would  only  embarrass  those  to  whom  it  was 
already  familian 

For  this  reason  an  introduction  dealing  with  certain  general  principles  has 
been  prepared  and  printed  as  a  preface  to  the  report.  It  is  not  intended  as  an 
introduction  to,  or  as  a  primer  of,  seismology  in  general,  but  only  of  such  parts  of 
the  science  as  is  necessary  for  the  comprehension  of  the  following  report,  or  as  have 
not  been  treated  with  sufficient  fullness  in  the  body  of  the  report.  Those  who 
desire  to  pursue  the  matter  further  should  refer  to  the  two  volumes  of  the  Inter- 
national  Science  Series,  *  Earthquakes  'and  '  Seismology '  by  Prof.  J.  Milne,  f.r.s., 
which  between  them  practically  cover  the  whole  range  of  the  science. 

A  special  index  is  appended  to  this  preface  to  serve  the  purpose  of  a  glossary 
of  the  technical  terms  used  in  the  report.) 

I 

t.-^The  nature  of  wave  motion. 

1.  When  a  stone  is  dropped  into  a  pool  of  water  a  series  of  concentric  ripples 
are  formed,  which  travel  outwards  in  ever  widening  circles  till  they  reach  the 
edge  of  the  pool,  or,  if  jt  is  large  enough,  gradually  die  out.  But  though  we  speak 
of  the  ripples,  or  waves,  as  travelling,  it  is  important  to  remember  that  the  water 
of  which  they  are  composed  does  not  travel ;  each  separate  particle  of  it  moves 
in  a  certain  orbit,  whose  size  and  shape  determines  that  of  the  wave,  but  ultimately 
returns  to  its  original  position.  The  travel  of  the  wave  is  due  to  the  fact  that  all 
^the  particles  of  water  do  not  move  at  the  same  time,  each  one  starting  and  finishing 
a  little  later  than  the  one  behind  and  a  little  earlier  than  the  one  in  front  of  it,  on  the 
course  the  wave  is  travelling. 

a.  The  shape  of  the  orbit  in  which  the  particles  of  water  travel  changes 
gradually  as  the  wave  progresses,  as  may  be  seen  in  the  gradually^  changing 
form  of  the  waves  as  they  travel  outwards,  but  the  change  is  slow  and,  for  any 
given  spot,  the  tracks  in  which  all  the  particles  of  water  move  may  be  regarded 
as  similar,  and  the  nature  of  the  loave  motion  can  be  defined  by  the  shape  of 
the  track  followed  by  each  particle  involved  in  the  wave.  Hence  comes  a  term 
which   will  be  frequently  employed,    the  wave  particle  :   by  this   is  meant   no 


v!  OLDHAM  :  GREAT  EARTHQUAKE  OF  1897. 

ipecific  irdividual  particle  of  nutter,  but  «ny  one  taken  at  random  at  a  chosen 
place,  by  the  extent,  foniii  and  rate  of  whose  movement  the  nature  of  the  wave 
motion  at  that  place  is  defined. 

3.  The  particles  referred  to  are  moltcutts,  the  ultimate  portions  of  matter 
reached  by  continual  subdivimon  till  a  limit  is  reached  where  no  further  division  i» 
possible  without  a  change  of  character  and  properties.  Hence  the  movement  in 
a  wave  is  called  moUeular,  while  a  bodily  displacement  of  the  water  or  other 
substance  may  be  distinguished  as  molar.  Wben  a  kingfisher  dives  into  a  pool  it 
makes  a  splash,  and  then  from  the  splash  a  series  of  concentric  ripples  travel  out- 
wards in  ever  widening  circles.  In  the  splash  the  movement  of  the  water  is  Dfolur, 
in  the  ripples  it  is  molfcuUt.  So  too  the  general  movement  Bt  the  water  of  a 
Iron!  stream  may  be  regarded  as  molar,  that  in  the  ripples  formed  by  the  ridng 
trout  as  molteular. 

4.  Cram'/oiional  wdwt.— Waves  are  of  several  kinds  i  of  these  it  will  be  well 
to  take  first  that  which  is  most  commonly  known,  such  as  may  be  seen  or  started 
on  any  sheet  of  water.  In  these  the  course  of  the  wave-partide  is  elliptical,  or 
circular,  as  is  diagram matically  represented  in  fig.  i.  The  wave-particle  is  at 
its  highest  point  as  the  crest  of  the  wave  passes  over  it,  and  at  its  lowest  when 
the  trough  occupies  the  same  position.  When  any  one  particle  is  at  its  highest 
the  one  in  front  has  not  yet  risen  to  its  highest  pcnnt,  while  the  one  behind  has 
b^^n  to  sink  agaiiu  By  the  time  the  one  in  front  has  reached  its  highest  point 
theone  we  wereconnderinghasb^un  to' sink;  and  ao  it  is  that  the  wave  travels. 


5,  Wave  motion  of  this  nature  is  quite  superficial,  and  where  waves'are  set  up 
in  deep  water  it  is  only  that  near  the  surface  which  is  affected.    As  we  descend 

n  [he  surface  the  e:ttent  of  movement  of  the   wave-parlicle   rapidly   diminishes 
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backward,  movement,  if  the  dividing  line  is  horizontal,  and  one  of  upward^  and  on« 
of  downward,  movement  if  the  dividing  line  is  vertical.  Moreover,  by  the  inter* 
section  of  these  two  dividing  lines  we  get  four  semiphases  in  which  the  motion  ts 
(i)  upward  and  forward,  (2)  downward  and  forward,  (3)  downward  and  backward, 
(4)  upward  and  backwards,  thus  completing  the  cycle. 

8.  Waves  of  the  kind  now  being  dealt  with  are  known  as  gravitational  waves^ 
as  in  them  the  moving  force  is  the  attractiuh  of  the  earth.  The  water  which  has 
been  raised  above  its  normal  level  in  a  wave,  is  brought  back  by  gravitation  and 
communicates  the  energy  90  developed  to  the  water  in  front,  by  which  it  is 
raised  above  its  normal  leveU  only  to  fall  back  and  cause  the  rise  of  fresh 
water  in  front.  In  other  words,  it  is  the  weight  of  the  water  in  a  wave  which 
causes  it  to  sink,  and  in  doing  so  to  make  the  water  in  front  rise  as  the  continua- 
tion of  the  same  wave. 

9.  Elastic  waves. — Besides  gravitational  waves  there  are  other  molecular 
movements  which,  by  analogy,  are  called  waves,  and,  being  propagated  in  virtue  of 
the  elasticity  of  the  substance  through  which  they  travel,  are  called  elastic  waves. 

The  elasticity  of  a  piece  of  indiarubber  or  cane  is  familiar  enough ;  in  the 
sense  used  here  it  may  be  defined  as  the  capacity,  possessed  by  all  substances  to  a 
greater  or  less  extent,  of  recovering  their  original  bulk  or  shape,  if  these  are 
altered  by  the  action  of  an  external  force.  It  is  of  two  kinds,  one,  common  to  both 
solids  and  fluids,  is  the  power  of  recovering  the  original  volume,  which  has  been 
altered  by  change  of  pressure,  when  the  original  pressure  is  resumed.  The  measure 
of  this  is  the  bulk  modulus  of  the  substance.  The  other  kind  of  elasticity  can  only 
be  possessed  by  solids,  and  is  the  power  of  recovering  the  original  form,  if  this  is 
changed  by  the  action  of  an  external  force,  when  the  force  is  removed.  The 
measure  of  this  is  known  as  the  rigidity  of  the  substance. 

10.  A  perfectly  elastic  substance  would  completely  recover  its  original  bulk  and 
form,  and  in  doing  so  give  up  exactly  the  same  amount  of  energy  as  was  absorbed 
in  producing  the  change.    So  far  as  bulk  is  concerned  a  gas  may  be  regarded 

'  as  a  perfectly  elastic  substance,  but  no  solid  can  be  regarded  as  such  or  even  nearly 
such,  except  within  comparatively  small  limits.  A  bar  of  iron  bent  slightly  will 
spring  back  to  its  original  form,  but  if  bent  further  and  strained  beyond  the  limit  of 
elasticity  will  remain  bent.  So  all  solids,  if  strained  within  their  limit  0/ elasticity 
will  recover  their  original  form*  but  if  strained  beyond  that  limit  will  either  remain 
permanently  bent  or  break. 

11.  Within  these  limits  elasticity  is  measured  by  the  force  required  to  produce 
a  given  amount  of  change  in  bulk  or  shape.  The  greater  the  force  that  has  to  be 
applied,  the  greater  that  which  the  substance  will  exert  in  regaining  its  original 
bulk  or  shape,  and  the  one  is  equal  to  the  other.  Measured  in  this  way  the  elas* 
ticity  of  steel  or  glass  is  very  high,  while  that  of  the  typical  elastic  band  is  very 
small ;  for,  though  the  limit  of  elasticity  is  much  wider,  the  force  required  to 
produce  a  small  change  of  shape  is  much  smaller. 

la.  Waves  0/ elastic  compression. — Corresponding  to  the  two  kinds  of  elasticity 
there  are  two  kinds  of  elastic  waves,  one  of  which,  depending  on  th^  resistance  to 
compression,  can  be  propagated  in  solids  and  fluids  alike.  This  form,  which  will 
be  considered  first,  is  that  of  those  known  as  vtaves  of  elastic  compression  or  more 
briefly  condensational  waves.    In  these  the  movement  of  the  wave*partic1e  is 
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directly  forwards  and  backwards  in  the  direction  of  travel  of  tho  wave*t  hence  they 
are  sometimes  called  normal  waves. 

13.  To  understand  the  nature  of  the  movement  in  a  wave  ol  this  kind  let  o,  fig.  ii 

fepreientthe  hormal  porition  of 

a    molecule    when     undisturbed. 

ai*'^     7         •         ■         •         ■      •  •<        Suppose  it  to  became  involved  in 

"      ■"         '  '  r         •      <  ^    w&ve  of    elastic    compresaon 

travelling  in  a  straight  line  from 

Fig.  ii.  Djaenm  lo  illurtuw  the  r.»cce«ive  po«i.      joft  to  right  j  then,  starting  from  o 

tions  occupied  by  the  waTc-patliclea  »t  «qu»l  inter-      .,       ,,,  .        j  ■ 

nil  of  lime  durfng  OM  complete    unduUlwD  of  a      «    Will   movo    outwards    passing 

coadeautioBal  <aave.  succesnvely  thraugh  the  posjtioni 

t<  a>  3,  tilt  at  4  it  reaches  the 
extreme  limit  of  its  movement.  From  4  it  returns  with  an  ever>increas)ng 
speed,  till  at  8  it  passes  on  through  its  original  position  and,  gradually  slowing 
dotvn,  comes  to  a  stop  at  is  ;  from  this  it  commences  its  return  journey  through 
o  to  4  and  soon.  The  movement  is  in  fact  just  like  that  of  the  bob  of  a  pendulum' 
assuming  the  direction  of  travel  of  the  wave  to  be  that  of  the  swing  of  the 
pendulum.  Returning  to  the  diagram  tig  ii,  the  distance  from  o  to  4  is  the 
amplitude  of  the  wave,  or  the  extreme  distance  which  the  wave-particle  reaches 
from  its  normal  pontion  t  4  to  ii  is  the  double  amplitude  or  rangt  of  motion 
of  the  part  icle,  and  the  time  taken  by  the  wave-panicle  in  travelling  from  0  out  to  4 
and  back  through  la  to  o  is  the  piriod  of  the  wave. 

14.  As  in  the  water  wave,  the  movement  of  the  wav»'partide  may  be  divided  into 
(WO  phaset,  one  ot  movement  in  the  directioa  the  wave  is  traveling,  the  other  in  the 
reverse  direction.  Each  of  these  can  again  be  divided  into  semiphatii  according 
as  the  movement  of  the  wave-particle  is  inwards,  towards,  or  outwards  from  its 
normal  undisturbed  position. 

1^  To  understand  what  is  meant  by  the  wave  length  in  a  wave  of  this  nature 
we  must  conuder  how  the  arrangement  of  the  molecules  is  aflected  by  them.  In 
£g,  iii,  let  o  represent  a  mdecule  which  at  the  movement  is  passing  through  ttsi 
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0  the  crest  of  a  sea  wave  and  the  point  of  maximum  rarefaction  to  the  trough. 
The  wave  length  becomes  then  the  distance  o  to  o,  or  the  length  of  the  complete 

undulation  is  analogous  to  the  length  of  sea  waves  measured  from  crest  to  crest. 

i6.  It  is  to  be  noticed  that  the  points  of  maximum  condensation  or  rarefaction 
are  those  of  junction  of  the,semiphases  of  movement  towards  and  away  from  the 
normal  position  of  the  molecule ;  that  of  greatest  condensation  is  where  this  point  is 
passed  in  the  phase  of  motion  in  the  same  direction  as  the  wave  is  travelling,  that  of 
greatest  rarefaction  where  the  same  point  is  being  passed  in  the  opposite  phase  of 
motion.  It  may  also  be  noticed  that  the  tracts  which  are  in  this  latter  phase  are 
longer  than  those  in  the  former,  the  difference  being  four  times  the  amplitude. 

17.  As  has  already  been  remarked  waves  of  this  nature  can  be  transmitted 
through  fluids  as  well  as  solids  ;  in  the  latter  they  travel  faster  than  any  other 
form  of  elastic  wave.  It  is  waves  of  this  nature  w*iich,  if  the  period  is  not  too  small 
or  too  great,  become  sensible  as  sound.  . 

18.  ^aves  of  elastic  distortion.^Anoiher  form  of  elastic  w2L\es  is  due  to  the 

rigidity   of   the   substance  through   which    it   is 

transmitted,  or  to  that  form   of  elasticity  which 

^  causes  a  substance  to  resist  a  change  of  its  original 

9  me^  shape,  by  the  action  of  an  external   force,  and  to 

regain  it  when  this  is  removed.     These   waves, 
*•*  which   are    necessarily    confined     to  solids,  and 

cannot  be  transmitted  by   fluids,   are  known  as 
J9f  waves  0/ elastic  distortion  or  distortional  naves. 

In  them  the  motion  of  the  wave-particle  is  still  in 
^^^  a  straight  line  backwards  and   forwards,  but   this 

line  lies  at  right  angles  to,  instead  of    along,  the 

direction  in  which  the  wave  path  is  travelling,  the 
"  *  *  displacement  being  alternately  to  one  side  and  the 

other  of  the  normal  position  of  the  wave-particle; 
M  •  V  hence  these  waves  are  sometimes  distinguished  as 

transverse.    The  motion  of  the  wave-particle  may, 

""•"^  in  fact,  be  likened  to  the  motion  of  the  bob  of  a 

**  pendulum,  the  direction  of  travel  of  the  wave  being 

vertically  up  or  down.    This  form  of  wave  motion 

is  represented  diagram  matically  in   fig.   iv.    The 

Fig.  iv.  Dkptm  of  'n<>;'/«^"J    figures  opposite  the  dots  having  the  same  signi- 

01  wave-particle  during  one  com-       &  rr  ,.^     ,     .       1       j»  .. 
plete  uodttlation  of  a  distortional    ficance  as  m  fig.  11,  the  amplitude  is  the   distance 

''*^«-  o  to  4,  and  the  period  is   the  time  taken  to  travel 

through  the  complete  cycle.  As  before,  there  are  two  principal /»;ifl5(?ff  of  the  move- 
ment, in  two  opposite  directions,  and  these  are  divided  each  into  tvfo  semi  phases 
according  as  it  is  towards  or  away  from  the  normal  position  of  the  paiticle.  The 
wave  length  is  the  disunce  between  two  points  where  the  wave-particle  is  at  the 
same  extremity  of  its  displacement  at  the  same  instant,  these  extremes  corres- 
ponding to  the  crests  and  trough  of  a  gravitational  wave. 

ig.  Elastic  surface  undulations.— VJhen  waves  of  either  of  the  last  two 
kinds  after  travelling  through  the  interior  of  a  body  reach  its  surface,  they  might 
produce  disturbances  of  form   which   would  simulate  the  surface  undulations  of 
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gravitational  waves.  Apart  from  this  thm  are,  howevei^  as  has  been  shown  by 
Lord  Rayleigh,  true  surface  undulations,  clotely  simulating  grsvitatlonal  waVes 
bnt  propagated  elutically.  In  these  the  path  of  the  wave-particle  is  an  ellipse 
whose  major  axis  is  vertical  and  from  one  and  a  half  to  twice  the  minor.  The  hori- 
tontal  displacement  extends  but  a  short  way  into  the  mass,  disappearing  at  from 
one-eighth  to  one-fifth  of  the  wave-ienglh  from  the  surface.  Below  this  there  is  only 
a  vertical  movement.  It  does  not  appear  that  the  existence  of  naves  oF  this  nature 
has  ever  been  demonstrated,  and  they  have  certainly  not  as  yet  been  separated 
In  the  complicated  disturbances  of  an  earthqilake,  but  the  possiliility  of  their 
existence  may  be  taken  as  demonstrated,  and  time  and  the  colt(x:tion  of  fuller 
details  will  doubtless  lead  to  their  recognition^ 

to.  It  may  be  noted  here  that  whether  the  surface  undulations  noticed  in  great 
earthquakes  are  of  the  nature  oE,t^rd  Rayleigh'a  waves  or  not,  there  can  be  no 
doubt  of  their  existence.  They  have  been  observed  too  often  for  this  to  be  doubted, 
and  ample  proof  of  their  reality  will  be  found  in  the  pages  <A  the  following  report. 
It  must,  however,  also  be  noticed  that  there  are  apparently  two  distinct  types. 
Firstly,  there  is  the  long,  tow,  quick  travelling  wave,  which  first  begins  to  be  dis- 
tinctly noticed  in  the  area  where  the  earthquake  has  ceased  to  be  destructive, 
w  where  the  destruction  wrought  has  become  much  less  than  in  the  epicentral 
tract.  These  waves  cannot  be  seen  [  they  are  recc^nlsed  only  by  a  successive 
tilling  in  one  direction  and  then  in  the  opposite,  and  their  rate  of  travel,  too  to 
190  miles  a  minute,  is  that  of  the  earthquake  shock.  Secondly,  there  are  the 
mDch  shorter  and  steeper  sided  waves  which  can  be  seen  and  ren^nised  as  such  t 
these  may  vary  in  length  from  ao  feet  to  aoo  yards  and  in  height  from  a  few 
inches  to  a  or  3  feet,  and  travel  at  a  rate  of  3  to  8  miles  an  hour. 

ai.  Whatever  may  be  the  nature  of  the  laws  which  govern  the  movement  Of 
the  wave-particle  in  these  sui^ace  undulations  it  is  hardly  posiible  that  they  can 
be  the  same  in  the  case  of  waves  which  differ  so  much  ih  size  and  rate  (A  move- 
ment as  the  two  forms  of  surfaoe  wave  referred  to  in  the  preceding  paragraph 
This  conclusion  appears  to  be  supported  by  the  absence  of  any  passage  front 
the  one  to  the  other,  but  on  this  point  further  observation  is  required. 

t«,  Complieation  ^  wowt.— If  the  earth  were  a  perfectly  homogeneous  globej 
then,  supposing  elastic  waves  of  oneof  the  three  classes  were  set  ep  by  a  dis< 
turbance  at  any  part  of  it,  they  would  be  propagated  without  change.  If  the 
waves  o(  all  three  classes  were  set  up,  they  would  separate  as  they  travelled,  the 
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94.  In  the  case  of  earthquake  waves  in  the  region  where  the  shock  is  severe 
enough  to  be  felt,  nothing  of  the  sort  has  bMn  recognised  and  nothing  of  the  sort 
is  to  be  expected,  seeing  how  heterogeneous  are  the  materials  of  which  the  outer 
onut  ot  the  earth  is  composed. 

35.  The  rate  at  which  elastio  waves  are  transmitted  depends  only  partly  on 
the  elasticity,  whether  that  measured  by  the  bulk  modulus,  or  the  rigidity  ;  the 
density  of  the  materials  is  also  a  controlling  factor.  A  wave  may,  consequently, 
preserve  the  same  rate  of  propagation,  even  when  it  passes  from  one  medium  to 
another  of  different  density  and  elasticity,  provided  that  the  changes  are  In  exactly 
such  proportion  that  the  new  density  combined  with  the  new  elasticity  give  the 
same  rate  of  propagation  as  before.  Usually,  however,  there  will  be  a  change  in 
th  e  rate  of  propagation  ;  and  when  a  wave  of  either  elastic  compression  or  dislor* 
tion  passes  from  one  medium  into  another,  in  which  it  has  a  different  rate  of  pro- 
pagation, not  only  is  its  direction  of  travel  changed,  in  other  words,  not  only 
does  it  undergo  re/radian,  but  it  is  also  split  up  and  partially  converted  into 
clastic  wave  motion  of  the  other  kind. 

96.  Seeing  how  very  heten^eneous  are  the  materials  of  which  the  earth's  crust 
is  composed  and  how  frequently  waves  travelling  through  it  must  pass  from  one 
niedium  to  another  in  which  they  have  a  different  rate  of  travel,  it  is  easy  to  see 
that,  even  if  the  motion  in  an  earthquake  wave  was  simple  to  start  with,  it  would 
soon  become  extremely  complicated. 

//. — Definition  of  sttsmotogtcal  terms. 

Hanng  treated  of  the  various  possible  forms  of  wave  motion,  we  are  ready 
to  go  on  to  a  consideration  of  the  (^served  facts  of  earthquake  movements,  but 
before  doing  so  it  will  be  necessary  to  explain  the  meanii^  of  certain  special 
^ms  which  will  be  frequently  used. 


Fig.  ».  OiigiaiD  in  explanatiuR  of  tcismofeeical  terms. 

37.  Whatever  be  the  cause  of  an  earthquake,  the  disturbance  starts  from  some 
place  within  the  crust  of  the  earth.  This  may  be  so  small  that  it  can  be  consi- 
dered as  a  point,  or  more  usually  have  considerable  extent.  Whatever  its  Jsize  or 
form,  it  is  known  as  the  ««(rmn  or  «b(m,  or,  if  r^arded  from  another  point  of 
view,  as  the /oeiif  of  the  earthquake.  For  convenience  we  will  assume  it  to  be  a 
point,  F,  in.fig.  v.  which  represents,  diagram malically,  a  vertical  section  through  tho 
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cnut  oi  the  eartl^  5  S  being  the  nrface.  Then  a  itraigfri  Kne  dnvn  vertically  (nun 
Klo  E  it  the  uiimie  vtHUal,  andthepSnt  E  b  the  t^etntre.  Where  the  centre, 
iiMtead  o(  beinf  to  ■moll  that  it  nay  be  considered  a  point,  is  at  connder^ble  site, 
then  the  «/it(«'r(  increase}  in  mzt  to  a  corresponding  ^tent,  and  we  have  an 
tpietMtral  Of  tfifteal  arta  or  Iror^. 

38.  Pfotn  the  centre  P  the  earthquake  waves  rxdiatc  in  evo^  direction.  To 
the  cfHcentre  they  travel  rtraight  upwards ;  away  from  it  they  reach  the  surface  at 
a  ICM  and  leM  angle  «f  we  get  further  away.  Let  P  A  reprcscRt  one  of  these 
wave  paths  ■  then  the  angle  E  F  A  is  the  anglt  ef  twttrg§nci. 

39.  The  front  of  the  disturbance  travdi  at  a  definite  rate,  and  if  the  rate  o' 
propagation  is  equal  in  every  direction  it  will  at  any  given  moment  have  rcai.'hcd 
the  same  distance  from  the  centre  in  every  direction.  The  drdes  drawn  in  fig.  v 
may  be  taken  lo  reptesent  the  wave  front  at  snccesaive  equal  intervals  of  time 
and  are  known  as  kamauitti.  They  are  surfaces,  whidi  appcu*  as  lines  where 
they  are  cut  by  the  ground  level,  and  if  we  had  a  perfectly  homogeneous  earth 
and  a  perfectly  level  ground,  they  would  appear  as  ctrdcs.  In  practice  neither 
condition  holds  good  and  the  kamastittt  or  hi>m»Mitmie  limtt  are  irregular  in 
form. 

30.  As  the  earthquake  radiates  from  the  centre  it  becomes  less  and  less  violent, 
and  it  )■  poMtble  to  trace  lines  of  equal  violence  of  shock  which  are  known  as 
iiattittt  or  iia$n$mie  lints.  If  a  condition  of  perfect  homogeneity  prevailed  in  the 
crust  of  the  earth  they  would  coincide  with  the  homoseists  ;  but  as  the  violence 
of  the  shock  is  much  more  influenced  by  the  nature  of  the  surface  deposits  than 
the  rate  of  propagation,  they  are  in  practice  found  to  pursue  an  even  more 
derious  and  irr^ular  course. 

31,  Thi  actual  violence  of  the  shock  doubtless  decreases  outwards  from  the 
epicentre,  but  its  destructivaness  does  not  necessarily  do  so.  At  the  epicentre  the 
thrust,  if  we  are  dealing  with  a  wave  of  elastic  compression,  is  straight  upwards  ; 
there  it  no  sidelong  push,  and  consequently  no  tendency  to  cnrerturn  walls.  As 
we  recede  from  the  epicentre,  and  the  angle  of  emergence  decreases,  the  sidelmg 
motion  Increaaes,  and  there  is  an  increasing  tendency  to  overturn  walls  and 
buildings  t  the  violence  of  the  earthquake  is,  however,  diminishinf;,  and  there  is  a 
point  where  the  increasing  value  of  the  one  and  the  decreasing  value  of  the  other 
lead  to  B  maxirmim  of  destructive  effect.  The  line  along  which  this  takes  place 
is  the  mfho»iimie  line  or  circle ;  according  to  the  view  we  take  of  the  rate  at 
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33.  The  ^Tester  destruction  ih  the  pleistoseismic  area,  as  well  as  the  com* 
paratively  smaller  variations  *  in  the  amount  of  destruction^  ar^  probably  due  to 
a  radical  difference  in  the  nature  of  the  motion  of  the  ground.  Above  the  focus  it 
is  probable  that  the  ground  is  lifted  bodily  and  that,  besides  the  molecular  motion 
of  the  elastic  waves,  there  is  a  certain  amount  of  molar  motion  of  the  whole  of  the 
rocks  lying  between  the  focus  and  the  surface.  This  would  not  be  confined  to 
the  region  vertically  above  the  focus,  but  would  extend  outwards ;  what  the  exact 
limit  may  be  is  not  known,  but  it  is  probable  that  an  angle  of  45°  from  the  verti- 
cal would  include  all  that  was  so  affected.  For  this  mass  of  rock  the  term  cor$ 
of  the  earthquake  has  been  suggested,  and  it  affords  a  convenient,  and  apparently 
true,  distinction  t)etween  the  central  core  on  the  one  hand,  in  which  both  molar  and 
moleCufifr  movement  takes  place,  and  the  area  or  tBS[ion  of  pr operation  on  the 
other,  in  which  we  have  only  ela^ic  waves,  set  up  by  the  earthquake  and  travelling 
outwards  with  a  decreasing  energy  and  violence. 

34^  The  term  seismic  area  was  applied  by  Mallet  to  the  region  over  which  the 
earthquake  was  felt;  of  late  years,  when  the  improvement  of  instruments  for 
recording  earthquake  movements  has  rendered  it  possible  to  detect  the  disturbance 
caused  by  a  great  earthquake  at  long  distances,  beyond  the  utmost  limit  at 
which  it  can  be  recognised  without  the  assistance  of  these  instruments,  the  term 
mieroseisfHic  has  been  applied  to  these  unfelt  movements  and  the  seismic  area  of 
Mallet  has  sometimes  been  distinguished  as  macroseismic .  The  terms  seem  incon- 
venient and  hardly  appropriate,  for  some  of  the  waves  in  the  area  where  the 
disturbance  would  be  described  as  microseismic  are  larger  in  size  than  any  of 
those  in  the  macroseismic  area.  It  seems  consequently  best  to  retain  the  terms 
seismic  ar$a  in  its  original  sense  and  to  describe  the  movemento  that  Uke  place 
otitside  it  aH  eryptoseismic  reserving  microseismic  for  those  minute  earthquakes 
which  nowhere  become  sensible  to  unassisted  observation. 

35.  Two  tnore  terms  may  be  explained  with  advantage,  though  they  are  not 
spedally  seismological,  and  these  are  the  words  resultant  and  component.  H  a  body 
is  acted  on  simultaneously  by  two  distinct  forces,  the  final  result  will  be  the  same 
as  if  each  force  acted  singly  and  successivelv.  Where  the  two  forces  do  not  act  in 
the  same  or  opposite  directions,  this  leads  to  the  construction  known  as  the  parallelo- 
gram of  forces ;  in  fig.  vi   let  O  represent  a  body  acted  on  by   two   farces  in  the 

directions  A  and  B,  and  let  O  A  and  O  B 
respectively  represent  the  magnitude 
of  the  forces,  that  is,  the  distance 
through  each  singly  would  displace 
O  in,  say,  one  second  of  time  ;  com- 
plete the  parallelogram  O  A  R  B, 
then  R  represents  the  position  which 
l^ig^  yi^  O  will  occupy  at  the  end  of  a  second, 

and  O  R  will  represent  the  direction 
and  distance  that  O  will  travel  in  that  time.  In  other  words  O  R  represents 
the  direction  and  magnitude  of  a  single  force,  called  the  resultant^  which 
will  produce  the  same  result  as  the  two  separate  and  simultaneous  forces  O  A  and 
O  B.  Similarly,  if  we  have  a  single  force  O  R,  it  may  be  regarded  as  composed  of 
two  separate  forces  O  A  and  O  B  which  arc  called  the  components.    Moreover,  as 
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the  distance  lo  which  a  bodyi  free  to  move.  Is  displaced  in  a  given  time  is  a  measure 
of  the  force  affecting  it,  the  same  words  &re  applied  in  a  similar  way  to  motion, 
which  may  be  compounded  into  a  «ngle  rtti^ani,  or  resolved  into  one  or  mora 
eompontnU. 

The  components  are  usually,  but  not  necessarily,  considered  to  be  at  right 
angles  to  each  other,  this  being  purely  a  matter  of  convenience  or  convention. 

36.  Though  possibly  self-en  pi  anatory  it  may  be  well  to  point  out  the  aense  in 
which  the  words  wavt/roni  and  uavt  path  are  used.  Th^  vavt  front  is  the  same 
as  a  homoseist ;  it  is  the  limit  to  which,  st  a  given  moment,  the  wave  motion  has 
reached.  In  a  perfectly  homogeneous  medium  this  is  everywhere  at  the  same 
distance  from  the  focus,  but  if  the  medium  is  like  the  material  of  which  the  earth 
is  composed,  such  that  the  wave  motion  is  transmitted  more  rapidly  m  soma 
directions  than  in  others,  the  distance  of  the  wave  front  from  the  focus  will  vary 
from  place  to  place.  The  vavt  path  is  a  line  along  which  the  wave  motion  may  be 
supposed  to  travel.  There  are  an  infinite  number  of  such  lines  radiating  from 
the  focus,  and  each  cuts  the  successive  wave  fronts  always  at  right  angles.  From 
this  it  follows  that  if  the  wave  motion  is  propagated  with  equal  rapidity  in  every 
direction  the  wave  paths  will  be  straight  lines,  but  if  the  wave  motion  is  propagated 
more  rapidly  in  some  directions  than  in  others,  the  wave  paths  will  bend  round,  so 
that  they  shall  always  form  aright  angle  with  the  varying  direction  of  the  wave 
front. 

///. — Nature  of  earthquake  motion. 

From  the  earliest  times  the  fact  that  there  are  distinct  types  of  earthquako 
motion  hks  been  recc^nised  in  luly.  Earthquakes  are  there  divided  into  four 
classes,  oriixontalt  or  horixontal,  in  which  only  a  to  and  fro  motion  is  felt  j  ohJuIom 
or  undulating,  in  which  the  ground  appears  to  be  thrown  into  waves  and  the 
sensation  is  like  that  of  a  ship  rocking  on  a  gentle  sea  i  sutsultoho  or  palpitating, 
in  which  there  is  a  distinct  vertical  or  up  and  down  motion  j  and  vortieoto  or  vorti- 
cose. The  justification  of  this  last  distinction,  which  is  based  on  the  effea  of  tho 
earthquake,  has  been  questioned  but  it  appears  sound  ;  the  subjea  is  discussed  at 
length  in  Chapter  XIV  of  the  following  report. 

.38.  Though  these  distinctions,  which  are  popular  rather  than  scientific,  have 
long  been  recognised,  it  is  only   comparatively  recently  that  instruments  have  been 
lI  movement  of  the  ground  has  been  traced.    Of  the 
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4.0.  Leaving,  for  the  moinent»  the  consideration  of  the  preliminary  tremors 
and  of  the  long  slow  afterwaves,  and  confining  attention  to  the  central  parts  of 
the  disturbance,  which  constitutes  the  sensible  shock,  jt  seems  necessary  to  dis- 
tinguish the  character  of  the  movement  in  small  and  great  shocks.  In  those 
which  nowhere  reach  a  degree  of  violence  sufficient  to  cause  alarm,  and  much  less 
any  actual  damage,  it  is  probable  enough  that  the  motion  is  largely  due  to 
elastic  vibration  propagated  directly  from  the  focus  to  the  surface  through  the 
substance  of  the  earth.  In  the  case  of  severe  earthquakes,  this  form  of  motion 
is  also  present,  but  overpowered  by  waves  of  a  different  character,  which  are  prob- 
ably analogous  to  the  elastic  surface  undulations  of  Lord  Rayleigh,  and  originate 
at  the  surface  within  the  epifocal  area,  whence  they  spread  outwards  in  every 
direction. 

41.  A  peculiarity  of  this  sensible  earthquake  motion  is  that,  as  the  disturbance 
radiates,  its  duration  at  first  increases  and  then  appears  to  diminish.  This  was 
very  noticeable  in  the  case  of  the  earthquake  of  1897 ;  within  the  epk:entre  the  dura- 
tion of  the  great  shock  did  not  exceed  two  minutes  ;  at  Calcutta  it  was  certainly 
5  or  6»  and  the  maximum  duration  seems  to  have  been  at  about  500  miles  from 
the  centre»  reaching  some  seven  minutes.  From  here  the  reported  duration 
diminishes  till  at  the  furthest  limit,  in  Ahmedabad,  it  is  reported  to  have  been  but 
a  second  or  two.  This  does  not,  however,  mean  that  the  disturbance  of  the 
ground  only  lasted  for  that  period,  but  that,  except  for  a  few  seconds,  the  move* 
ment  was  too  slow  and  gentle  to  be  felt. 

42.  In  the  area  of  propagation  of  an  earthquake,  this  movement,  which  can  be 
felt,  and  to  which  the  damage  done  is  due,  is  quite  superficial.  It  has  been  found 
by  experiment  in  Japan  that  an  excavation  of  only  20  feet  in  depth  is  enough  to 
reduce  the  wave  motion  of  an  earthquake  to  a  very  small  fraction  of  what  it  is 
at  the  surface.  Another  fact,  pointing  to  the  same  conclusion,  is  the  rarity 
with  which  an  earthquake  is  felt  underground  in  mines,  even  where  these  are 
shallow.  In  the  rare  cases  where  an  earthquake  has  been  felt  underground,  like 
that  referred  to  in  Appendix  H  to  the  following  report,  it  is  probable  that  the 
mine  lay  within  the  core  of  the  earthquake,  and  that  the  motion  felt  was  due  to 
those  molar  displacements  of  the  ground  which  have  been  referred  to  in  para.  33. 
The  1897  earthquake  was  not  felt  underground  in  the  mines  of  the  Bengal 
coalfields  ;  it  was  felt  and  caused  some  damage  in  the  coal  mines  at  Makum  in 
Upper  Assam ;  but  these  mines  are  really  over  ground,  being  driven  into  the 
side  of  a  hfll  and  not  descending  below  the  general  surface  level,  the  conditions 
are,  therefore,  not  strictly  comparable  to  those  of  a  mine  sunk  in  open  and 
tolerably  level  country. 

43.  If  the  felt  earthquake  wave  is  of  the  nature  of  Lord  Rayleigh's  elastk: 
surface  undulations,  the  restriction  of  the  shock  to  the  surface  is  in  accordance 
with  the  theory,  for  at  a  short  distance  the  range  of  motion  would  become  too 
small  to  be  felt  below  the  surface.  It  may  also  be  explained,  in  the  case  of  purely 
elastic  condensational  or  distortional  waves,  by  the  greater  play  which  is  possible 
at  the  surface  than  in  the  body  of  the  earth.  While  the  wave  is  being  transmitted 
through  the  rocks  which  constitute  the  crust  of  the  earth,  the  movement  of 
each  wave*particle  is  restrained  by  the  resistance  of  those  in  front,  to  which  it 
has  to  communicate  its  motion  ;  but  when  the  wave  reaches  the  surface  there   is 
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noduiv  w  (nmt  ID  restrain  the  novement  of  the  wave-particle  «nd  it  can  con- 
Mqoently  rai^  further  out  (rom  its  normai  pontion.  The  efiecl  of  this  greater 
freedom  and  range  of  motion  where  the  wave  comes  out  to  a/rvc  iitrfact  ji  very 

■narked,  and  will  be  referred  to  in  the  chapters  dealing  with  earth  6ssiira  and 

laadslipa. 

44.  To  thu  gmier  freedom  of  motion  at  and  near  the  surface  of  the  ground  wc 
must,  at  any  rai^  to  a  large  eslent.  attribute  the  more  noticeable  and  destructive 
character  of  the  shock  at  the  surface  of  the  ground.  Of  the  nature  of  the  move- 
ment, all  that  can  be  said  here  is  that  it  is  characterised  by  an  extreme  com. 
plication  and  intricacy  of  the  path  iA  the  wave-particle.  At  one  and  the  same  time 
it  is  sab}ected  to  wave  motion  of  varying  amount  and  period,  and  of  each  of  the 
■three  diutnct  types  described  in  paras,  g  to  ai. 

45.  In  spile,  however,  of  this  complexity,  a  prevailing  direction  can  often  be 
recognised,  whtth  may  or  may  not  change  during  the  period  for  which  the  earth- 
qnake  lasts.  As  a  rule  there  is  no  relation  between  the  direction  of  this  movement 
and  the  direction  in  which  the  epicentre  lies,  that  is,  from  which  the  shock  is 
travelling.  In  the  case  of  very  severe  earthquakes  it  may  happen  that  many 
of  the  buildings  and  monuments  overthrown  point  rn  a  direction  towards,  or  away 
from,  the  epieenire.  Where  this  is  so  they,  may  be  used  for  determining  the 
portion  of  the  focns,  but  the  method,  as  refared  to  in  Appendix  D,  requires  both 
care  and  skill  in  its  application. 

46.  So  far  reference  has  only  been  made  to  what  can  be  observed  without 
■nstmmental  aid.  If  the  same  disturbance  is  studied  with  the  aid  of  seismographs 
it  is  fontid  that  the  duration  is  about  double  of  what  can  be  felt,  and  that  it 

iollowa  the  same  law.  That  b  to  say.  it  firat  increases  as  the  epicentre  Is  receded 
from,  and  then  decreases,  only  a  smaller  and  smaller  fraction  of  the  whole 
(Esturbancc  being  of  a  character  which  can  have  any  effect  on  the  instrument. 
What  takes  place  may  in  fad  be  likened  to  the  changes  that  take  place  In  the  band 
of  ripples  set  up  tr  a  pond  by  a  stone  falling  into  it.  As  they  spread  outward 
the  widih,  not  only  of  each  individual  wave,  but  of  the  whole  band,  increases,  and 
then,  if  the  pond  is  large  enough,  one  wave  after  another  may  be  seen  to  grow 
so  long  and  flat  that  it  cesses  to  be  discernible,  and  finally  the  pond  resumes  its 
originally  undisturbed  condition. 

47.  This  spreading  out  of  the  waves  is  very  conspicuous  In  the  records  ob- 
■     d  by  the  delicate  instruinenU  specially  designed   to  detect  the  movement 
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support  to  the  hypothesis  that  the  preliminary  tremors  are  transmitted  through 
the  earthy  as  almost  amounts  to  proof.  Were  they  transmitted  through  the  super* 
ficial  crust  of  the  earth,  a  separation  of  the  two  classes  of  waves  would  be  im* 
possible  for  the  reasons  given  in  pafa.  a5i  but»  in  the  more  homogeneous  matter 
constituting  the  central  core  of  the  globe,  such  a  separation  is  what  would  inevit- 
ably happen,  through  the  more  rapidly  travelling t^ondensational  waves  outracing 
the  slower  travelling  distortion al.  Moreover,  it  is  only  at  great  distances^  where 
the  portion  of  the  wave  path  which  lies  within  the  surface  crust,  or,  say,  the  outermost 
30  miles,  of  the  earth,  forms  but  a  small  fraction  of  the  total  wave  path,  that  such 
separation  could  take  place.  If,  as  seems  probable,  this  hypothesis  stands  the 
test  of  further  experience,  it  is  certain  that  in  the  majority  of  cases  the  preliminary 
tremors  of  distant  earthquakes,  as  recorded  by  the  instruments  in  present  use> 
are  those  due  to  the  distortional  waveS)  those  due  to  the  condensational  bdng 
ordinarily  too  feeble  to  be  recorded. 

49.  Following  on  these  preliminary  tremors  come  the  great  surface  waves 
so  wdl  shown  in  the  diagram  on  Plate  XLI.  which  have  expanded  from  a  length 
of  2  to  3  miles  and  a  period  of  2  or  3  seconds  to  a  length  of  30  miles  and  a  period  of 
25  seconds,  while  their  duration,  instead  of  being  a  few  minutes,  ranged  over  half 
an  hour,  or,  if  the  slighter  and  less  distinctly  recorded  waves  are  included,  of 
several  hours. 

IV. — The  elements  of  earthquake  motion  which  can  he  measured. 

There  are  certain  elements  of  the  motion  of  an  earthquake  which  can  be 
measured  and  expressed  in  figures.    These  are  t  (i)  the  raUof  iransmiision  or 
velocity  with  which  the  wave  motion  travels  from  place  to  place,  (2)  the  amplitude 
(3)  the  period,  (4)  the  velocity  of  movement  of  the  wave-particle^  and  (5)  the  acce* 
leratioH  of  the  wave-particle. 

50.  The  rate  of  trauemieeion  is  readHy  determined  if  we  have  accurate  recordi 
of  the  time  of  arrival  of  the  earthquake  at  different  places,  whose  distances  apart 
are  known.  Theoretically,  if  the  time  of  arrival  at  three  places  is  known,  it  should 
be  possible,  provided  the  times  are  not  simultaneous,  to  determine  the  rate  and 
direction  of  travel  of  the  earthquake  wave.  In  practice^  however,  it  is  not  possible 
to  obtain  records  of  sufficient  accuracy,  and  this  apart  from  any  fault  of 
the  observations  or  records.  The  wave  motion  is  not  a  simple  one,  and  to 
compare  the  times  it  would  be  necessary  to  be  certain  that^they  referred  to  one 
and  the  same  phase  of  the  movement.  From  what  has  been  said  of  the  constant 
variation  of  the  character  of  the  wave  motion  from  place  to  place,  it  will  be  seen 
that  this  is  impossible ;  consequently,  it  is  only  possible,  in  practice,  to  obtain  a  faiHy 
accurate  estimate  by  combining  a  large  number  of  records  from  many  different 
places* 

51.  Another  element  of  uncertainty  in  all  determinations  of  the  rate  of  trans« 
mission  of  the  earthquake  waves  lies  in  the  fact  that  all  we  can  obtain  by  direct 
observation  is  the  apparent  rate  of  travel  along  the  surface  of  the  earth,  which 
may  be  very  different  from  the  true  rate  of  travel  through  the  interior  of  the  earth. 
In  fig.  v»  for  instance,  if  the  successive  circles  represent  homoseists  at  intervals  of 
one  secondi  then  the  true  distance  travelled  by  the  wave  in  the  first  second  after 
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the  earthquake  reachei  the  surface  a  represented  by  A'A  while  the  distance  tt 
would  appear  (o  have  travelled  alonff  the  surface  is  represented  by  E  A; 
similarly,  B'B  and  A  B  represent  the  Irut  and  appar»nt  distances  travelled  in  the 
nest  second,  and  so  on. 

53.  It  will  be  seen  trom  this  that  not  only  will  the  apparent  rate  of  travel  along 
the  outface  be  different  from  the  trut  rate  of  travel  through  the  earth,  but  that  it 
will  vary  ns  the  distance  from  the  epicentre  varies.  This  will  be  true  of  the  waves 
which  are  transmitted  through  the  earth  whether  the  wave  paths  be  straight  lines, 
as  represented  in  fig.  v,  or  curved,  as  is  more  probable.  In  the  case  of  those 
great  earthquakes  which  have  been  exhaustively  examined,  no  such  variation  has 
been  recognised  ;  on  the  contrary,  the  rate  of  transmission  seems  to  be  practically 
uniform,  and  it  is  this  which  has  led  to  the  conclusion  that,  in  the  case  of  great 
earthquakes  at  least,  the  movement  which  can  be  felt  is  due  to  waves  propa- 
gated  along  the  surface,  and  that  in  their  case  the  apparent  and  true  vdwities 
are  identical.  In  the  case  of  the  preliminary  tremors,  on  the  other  hand,  the 
apparent  rate  of  transmission  varies  largely  according;  to  the  distance  from  the 
epicentre,  and  this  leads  to  the  concluuon  that  they  are  transmitted  through  the 
earth,  and  that  in  their  case  the  true  and  apparent  velocities  are  not  the  same. 

53.  The  amplitude  of  the  wave  has  already  been  explained  (paras.  6,  13,  18)  ) 
it  is  usually  expressed  in  millimetres  or  in  inches  ;  double  the  amplitude  is  the 
range  of  motion  of  the  wave-particle,  or  more  correctly  would  be,  if  the  molioo 
was  a  simple  harmonic  one.  The  error  introduced  in  practice  by  assuming  the 
amplitude  to  be  half  the  range  of  motion  is,  however,  in  all  probability  immaterial. 

54.  The  period  ol  the  wave  has  also  been  explained,  and  need  not  be  further 
treated.     It  is  usually  expressed  in  seconds  of  time. 

55.  The  TwfdciVj' of  movement  of  the  wave^article  is  a  quantity  which  varies 
from  moment  to  moment.  Each  particle  as  it  starts  from  a  position  of  rest  com- 
mences moving  slowly,  then  moves  more  and  more  rapidly,  till  it  attains  its 
maximum  velocity,  after  which  this  decreases  till  the  particle  once  more  comet 
to  rest  before  commencing  its  return  movement,  in  which  the  same  succession  of 
a  gradual  increase  of  the  rate  of  movement  up  to  a  maximum  and  a  sub- 
sequent gradual  decrease  takes  place.  The  velocity  of  movement  at  sny  moment 
i«  expressed  in  feet,  inches,  or  millimetres  per  second,  and  does  not  mean  that  the 
particle  actually  travels  so  many  feet  in  one  second,  but  that,  if  it  were  to  continue 
moving  at  the  same  rate  for  a  whole  second,  it  would  then   have  travelled  the 
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of  the  wave*partic]e  is  never  the  same  for  two  successive  instants:  %.  is  constantly 
changing,  but  the  rate  of  change  is  not  constant.  Like  the  velocity,  it  is  nothing 
at  one  point  of  the  path  of  the  wave-particle,  increases  to  a  maximum,  and 
then  decreases  again,  being  zero  when  the  wave-particle  is  at  rest  or  at  its  maxi- 
mum vdocity,  and  attaining  a  maximum  four  times  in  each  complete  wave  period, 
at  positions  half  way  between  the  maximum  and  zero  velocity,  which  are  reached 
twice  only  in  each  complete  undulation. 

58.  As  It  is  important  that  there  should  be  a  clear  understanding  of  what  is 
meant  by  acceleration,  a  brief  explanation  may  not  be  amiss.  Suppose  a  body, 
such  as  a  railway  train,  is  standing  still,  and  that,  by  the  action  of  an  external 
force,  such  as  a  locomotive,  it  is  set  in  movement,  and  that  at  the  end  of  the  first 
second  it  is  moving  at  the  rate  of  one  foot  per  second,  at  the  end  of  the  next  second 
at  the  rate  of  two  feet  per  second,  at  the  end  of  the  third  at  the  rate  of  three  feet  per 
second  ;  then  the  acceleration  of  that  train  is  one  foot  per  second  per  second. 
That  is  to  say,  at  the  end  of  each  second  its  velocity  is  one  foot  per  second  greater 
than  at  the  beginning. 

59.  The  instance  taken  is  a  very  simple  one,  where  the  acceleration  is  supposed 
to  remain  constant  for  at  least  three  seconds ;  in  the  case  of  a  wave-particle,  on  the 
other  hand,  it  does  not  remain  constant  for  two  successive  instants.  Just,  however^ 
as  it  is  possible  to  define  the  velocity  at  any  instant,  so  the  acceleration  at  any 
instant  may  be  defined  as  being  so  many  feet,  inches  or  millimetres  per  second  per 
second ;  by  which  it  is  not  meant  that  the  given  rate  of  acceleration  is  maintained 
for  a  whole  second,  or  for  any  finite  fraction  of  a  second,  but  that,  if  the  actual 
rate  of  change  of  velocity  at  the  given  instant  were  maintained  for  a  whole  second, 
the  velocity  would  at  the  end  of  it  be  so  many  feet,  inches  or  millimetres  per  second 
greater  than  at  the  commencement. 

60.  It  is  important  that  the  distinction  between  the  velocity  or  rate  of  move* 
ment,  and  the  acceleration  or  rate  of  change  of  velocity,  should  be  clearly  under- 
stood. It  is  possible  to  have  a  high  velocity  combined  with  a  low  acceleration,  or 
a  low  velocity  with  a  high  acceleration,  the  two  being  quite  independent.  It  may 
also  be  necessary  to  state  that  the  word  acceleration  is,  in  this  connection,  equally 
applied  to  what  would  ordinarily  be  regarded  as  retardation  :  a  body  which, 
moving  at  the  rate  of  10  feet  per  second,  slows  down  at  the  rate  of  5  feet  per 
second  per  second  is  said  to  have  that  acceleration  equally  with  one  that  increases 
its  speed  at  that  rate*  The  word  is  in  fact  used  as  equivajent  to  rate  of  change 
of  velocity,  and  irrespective  of  whether  the  change  is  one  of  increase  or  decrease. 

61.  As  in  the  case  of  the  velocity  of  wave-particle,  it  is  only  the  maximum 
acceleration  whose  determination  is  ordinarily  necessary  or  attempted. 

63.  The  intensity  of  an  #af  ^/t^f/a^e.^Besides  the  elements  above  mentioned, 
to  which  numerical  vaJues  can  be  given,  attempts  have  been  made  to  define  in  a 
similar  manner  a  vag^ueand  uncertain  quantity  called  the  intensity  of  an  earth- 
quake. The  best  known  and  most  often  used  of  these  so-called  scales  of  inten* 
sity  is  that  known  as  the  Rossi-Forel,  which,  because  it  is  so  frequently  used  and 
because  in  the  absence  of  anything  better  it  may  be  better  than  nothing,  is  given 
below.  Of  it,  all  that  may  be  said  at  present  is  that,  though  to  a  certain  extent 
It  may  serve  for  the  comparison  of  different  earthquakes,  each  being  taken  at  its 
maximum  intensity,  it  does  not  serve  as  a  scale  for  the  gradual  dying  out  of  a 
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severe  earthqultce.  For  instance^  d^ree  IV  specifiei,  as  a  part  of  its  chancten, 
the  disturbance  of  doors,  etc.i  in  the  case  of  the  1897  shock,  this  was  recorded  at 
Sehore  in  Central  India  and  at  Bargalorei  yet  these  places  were  beyond  ths 
region  where  ihe  earthquake  could  be  distinctly  fell,  and  would  fall,  at  the  outside, 
in  d^;ree  I  of  the  Roaai-Forel  Scale.  Another  objection  is  its  limited  range.  The 
area  which,  in  1897,  was  covered  by  the  maximum  degree  No.  X,  of  the 
RoBsi-Ford  Scale  la  as  large  as  England ,  and  within  it  there  were  variations  of 
vidence,  or,  as  ordinarily  called,  intensity,  which  would  require  the  scale  to  be 
ttitended  for  at  least  another  5  to  10  degrees.' 

63.  The  fact  is  that  the  word  intensity  as  ordinarily  usedt  and  as  it  is  attempted 
to  be  defined  in  these  scales — which  were  intended  to  serve  in  seismology  the 
purpose  which  Moh's  scale  of  hardness  serves  in  mineralogy— is  altogether  too 
vague  and  Indefinite  a  term  to  be  used  in  scientific  description.  Prof.  Menden- 
hall  has  pointed  out  that  there  are  three  distinct  quantities  which  have  been  or  may 
be  used  as  measures  of  the  so-called  intensity  at  a  given  locality.    They  are — 

(1)  the  maximum  vtlocity  of  wave-particle, 

(2)  the  maximum  aectUration  of  wave-particle, 

(3)  the  tnergy  of  the  earthquake,  which  may  be  measured  by  (a)  the  energy 

contained  in  a  unit  volume  of  rock  set  in  motion  by  the  wave,  (6)  the 

rate  at  which  energy  is  transnutted   across  a  unit  area  of  the  wave 

front. 

Of  these,  (3)  in  one  of  its  fbrms  is  the  most  rational  and  scientific  equivalent  to 

be  represented  by  the  word  intensity,  and,  of  the  two  forms,  {b)  is  that  which  Lord 

Rayleigh has  adopted  in  his  "Theory  of  Sound"  as  the  measure  of  intensity  of 

radiation. 

64.  Unfortunately  the  intensity,  in  this  sense,  is  incapable  of  direct  measurement, 
and,  so  far,  hasnot  been  satisfactorily  determined  in  the  case  of  any  earthquake. 
As  ordinarily  used,  the  word  is  applied  to  the  greater  or  less  impression  produced 
by  the  earthquake  on  the  senses  or  the  greater  or  less  destruction  wrought  by   it. 

■  Tbe  PatH-Porrt  StaU  e/  /nfmri^y.— Translilad  b;  Dr.  C.  Davitoa. 
L  Recordtd  by  ■  nngle  uiiinoerapb,  or  hy  nine  leiimaKTsphi,  of  tbe  mat  model,  but 
not  by  inenl  Kisnognpht  of  diBereot  kipdi;  tbe  AacV  felt  by  aa  eiperiuced 

II.  Recorded  by  leinnographi  of  diSsrent  kinds;  fait  by  stMll  apmbw  of  persons  St  rest. 
HI.  Felt  br  •evoral  person*  at  mti  itrong  enough  for  the  dantion  ei  tbe  direction  tobe 
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This  Is  now  recognised  to  be  due  to  variations  in  the  rate  of  acaUration  of  the 
wave-particF^  and  this  might  be  used  as  a  measure  of  what  has  been  called 
the  intensity,  but  thait  the  degrees  of  the  scale  depend  ta  some  extent  on  the 
distructivsmss  or  destruction  produced  by  the  earthquake,  while  the  accelera- 
tion is  more  properly  a  measure  of  what  Mendenhall  has  called  the  destruciivity 
or  power  to  destroy.  The  word  proposed  is,  however4  an  awkward  one,  and  the 
simpler  word  violence  seems  more  suitable  ;  of  this  the  rate  of  acceleration  of  wave* 
particle  is  a  measure,  and  in  proportion  as  this  increases  the  earthquake 
^becomes  more  distinctly  sensible  and  more  and  more  destructive.  Yet  the 
destruction  actually  caused  must  not  be  taken  as  a  measure  of  the  violence 
without  observing  proper  precautions,  for  it  is  determined  both  by  the  power  of 
the  earthquake  to  destroy  and  the  power  of  the  object  to  resist  destruction. 
This  is  equally  true  whether  we  have  to  deal  with  buildings  overthrown,  landslips 
from  hills,  or  fissuring  of  the  ground,  and  consequently,  in  attempting  to  compare 
the  violence  of  the  earthquake  at  two  different  places,  we  must  consider  not  only 
the  effects  actually  produced,  but  the  particular  local  circumstances  governing 
Ihdr  production. 

65.  Bearing  these  considerations  in  mind  the  word  violence  may  well  be  used 
instead  of  acceleration  in  all  those  cases  where  there  is  no  possibility  or  desire  of 
giving  it  a  precise  numerical  value.  The  word  will,  in  fact,  be  used  in  the  follow 
ing  report  as  substitute  for  intensity,  the  latter  word  being  reserved  till  the  time 
when,  as  the  means  of  setsmological  observation  'Jmprove,  it  can  be  used  in  its 
more  proper  sense. 

F.— 7%^  means  of  measurinff  earthquakes. 

66.  The  most  satisfactory  and  trustworthy  means  of  obtaining  the  values  of 
the  elements  of  earthquake  motion  which  are  capable  of  measurement  is  that  of 
instruments  specially  designed  for  the  purpose.  These  fall  into  three  classes 
according  to  their  purpose;  seismoseopes,  which  merely  record  the  fact  of  an  earth- 
quake, of  sufficient  severity  to  affect  the  instrument,  having  occurred;  seis* 
wiometers,  which  are  intended  to  measure  one  or  more  of  the  elements  of  the 
earthquake  motion ;  and  seiemographst  which  record  in  greater  or  less  detail 
the  actual  course  of  that  motion  from  the  commencement  to  the  close  of  the 
shock. 

67.  In  principle  the  instruments  may'be  classed  according  as  they  consist  of 
(i)  a  mass  which  is  set  in  motion  by  the  earthquake ;  (2)  a  mass  which  is  so 
supported  as  to  remain  more  or  less  steady,  while  the  earth  moves  underneath  it ; 
and  (3)  an  arrangement  by  which  the  actual  tilting  of  the  surface  is  measured. 
Two  or  more  of  these  may  be  combined  in  the  same  instrument,  and  on  one  or 
more  of  these  principles  a  vast  number  of  instruments  of  varying  design  have 
been  constructed  or  proposed.  To  attempt  a  description  of  them  here  would 
occupy  too  much  space,  and  for  an  account  of  them  and  the  capacities  of  the 
various  types  reference  should  be  made  to  Prof.  Milne's  two  books. 

68.  Apart  from  special  instruments,  much  information  may  be  obtained  from 
observations  made  at  the  time  of  the  earthquakes,  or  from  the  effect  produced  by 
it ;  in  the  case  of  very  vkilent  shocks  this  is  the  prindpal  source  of  information* 
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69.  The  rait  of  Iransmiision  is  obtained  from  observations  of  the  time  at  which 
it  was  felt,  and  it  is  necessary  that  these  should  be  accurate  at  least  within  one 
minute  of  time,  even  in  the  case  of  earthquakes  which  are  felt  over  a  large  area. 
In  the  case  of  lesser  earthquakes  an  even  greater  degree  of  accuracy  is  required 
if  the  results  are  to  be  of  any  valtie,  yet  even  herei  if  the  observations  are 
flufliciently  numerous,  a  much  greater  degree  of  accuracy  in  the  result  can 
be  obtained  than  the  errors    of  each  individual  observation  would  appear  to 

70.  Another  necessary  precaution  is  tocompare  similar  phases  oftheshocbs,' 
and  in  practice  the  only  phase  which  can  \x  identified,  with  even  an  approximate 
degree  of  accuracy  at  different  places,  is  the  commencement.  When  a  sufficient 
numberof  trustworthy  observations  are  available,  they  may  be  treated  either  by 
means  of  the  mathematical  process  known  as  the  method  of  least  squares,  or  in 
the  simpler  method  adopted  in  Chapter  III,  which  will  usually  give  results  as 
accurate,  though  less  precise,  than  those  obtained  by  the  more  elaborate  method. 

71.  The  replies  to  circulars  issued  after  the  earthquake  of  1897  showed  that  the 
stoppage  of  clocks  is  popularly  supposed  to  be  a  particularly  accurate  metliod  of 
recording  the  time  of  an  earthquake.  This,  however,  is  not  the  case  j  not  only  is 
there  no  means  of  determining  the  particular  phase  of  the  shock  to  which  the 
stoppage  was  due,  but  in  some  cases  the  clock  may  not  stop  till  some  time  after 
the  earthquake  has  ceased.  One  authentic  case  is  on  record—the  earthquake  of 
a^th  June  1870  at  Athens— where  the  pendulum  of  an  astronomical  clock  was 
observed  to  be  knocked  against  the  ck)ck  case  by  tlie  earthquake,  yet  the  clock 
only  stopped  some  five  minutes  after  the  earthquake  had  ceased. 

72.  T)\e  ampiitudt  of  ttie  wave  and  tiie  velocity  and  acceleration  of  the  wave- 
particle  can  be  determined,  in  the  case  of  earthquakes  of  sufficient  violence  to 
cause  damage,  by  observation  of  its  effects.  The  methods  and  formulx  in  use 
are  suEBciently  explained  in  Chapter  V  and  in  Appendix  C 

VI.— Earthquake  effects, 

73.  Cracks  in  the  walls  of  buildings  are  probably  in  large  part  due,  and  in 
lesser  d^ree  fissures  in  the  earth,  to  the  bending  of  the  surface,  as  it  is  thrown 
intoundulationsby  the  passage  of  the  earthquake  wave.  With  Ibis  exception, 
alt  the  effects  of  an  earthquake,  whether  they  take  the  form  of  visible  damage  or  of 
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particle  will  be  communicated  to  it,  and,  when  the  next  semiphase  of  wave  motiom 
sets  in,  its  inertia^  or,  as  commonly  expressed,  momentum,  will  tend  to  make  it 
continue  to  move  with  the  direction  and  velocity  which  have  been  imparted  to  it. 
A  strain  will  consequently  be  set  up,  just  as  in  the  case  considered  in  the  last 
paragraph,  and  in  this  way  not  only  may  pillars  be  overthrown  but  the  ends  of 
walls  may  be  shot  off,  or  the  soil  resting  on  a  hill  side,  or  even  the  face  of  a  cliff,  be 
dislodged,  as  described  in  Chapter  VII. 

76.  The  magnitude  of  the  strain  set  up  is  governed,  not  by  the  velocity,  but  by 
the  acceleraiion  of  the  wave-particle.  This  is  easily  illustrated  experimentally. 
Let  a  match-box,  preferably  full,  be  stood  on  end  on  a  sheet  of  paper  resting  on  a 
table ;  if  one  edge  of  the  paper  is  taken  hold  of,  the  paper  and  match-box  can  be 
moved  over  the  table  and,  if  the  speed  of  movement  be  only  gradually  increased, 
it  will  be  found  that  the  motion  may  become  quite  rapid  without  causing  the 
match-box  to  overturn  ;  if,  on  the  other  hand,  the  sheet  of  paper  be  put  suddenfy 
in  motion,  the  match-box  will  fall  over  backwards,  or  if  after  having  been  put  rn 
rapid  motion  it  is  suddenly  stopped,  it  will  fall  over  forwards.  Similarly,  if  a 
train  is  started  or  stopped  gently  it  is  very  difficult  for  a  passenger  to  recognise 
the  moment  of  starting  or  stoppage,  but  if  an  unskilful,  or  careless,  driver  is  in 
charge  of  the  engine,  the  stoppage,  or  starting,  may  be  a  jerk  that  is  very  notice- 
able. In  both  these  instances  it  is  not  the  rate  of  movement,  but  the  rapidity  of 
change  of  rate  of  movement,  that  is  to  say,  the  acceleration^  which  produces  the 
effect.  Similarly,  in  the  case  of  an  earthquake  the  sensation  produced,  or  the 
damage  done,  is  due  to  the  greater  or  less  suddenness  of  the  movement  and  not 
to  the  actual  velocity  attained. 

77.  There  is  another  way  in  which  solid  bodies  may  be  affected  by  the  earth- 
quake wave,  which  depend^  not  on  the  acceleration,  but  on  the  velocity  of  the 
wave*particle.  If,  instead  of  a  tall  pillar,  we  take  the  case  of  a  flat  stone  lying  on 
the  ground,  it  is  obvious  that  any  overturning  is  impossible.  The  motion  of  the 
wave-particle  will  be  more  or  less  completely  imparted  to  the  stone,  and  when  the 
next  semiphase  of  the  wave  motion  sets  in,  the  inertia  or  momentum  of  the 
stone  win  tend  to  make  it  continue  moving  with  the  direction  and  velocity  which 
has  been  imparted  to  it.  If  the  momentum  imparted  be  more  than  sufficient  to 
overcome  the  resistance  of  the  attachment  of  the  stone  to  its  support,  it  will  be 
projected  through  the  air,  and  the  distance  to  which  it  is  projected  is  dependent  on 
the  direction  and  velocity  with  which  it  started  on  its  way.  Yet,  even  here, 
acceleration  is  not  without  its  influence,  for,  where  a  body  is  projected  upwards, 
whether  vertically  or  in  a  slanting  direction,  the  acceleration  of  the  wave-particle 
must  at  least  exceed  that  due  to  the  action  of  gravitation,  or  the  attraction  of  the 
earth  on  a  free  falling  body  near  its  surface.1 

78.  This  statement  may  easily  be  illustrated  by  placing  a  small  stone  in  the 
upturned  palm  of  an  open  hand.  If  the  hand  is  raised  and  then  lowered  slowly 
the  stone  will  not  leave  it,  but  if  the  movement  is  made  quicker  and  more  quickly 
a  limit  will  be  reached  when  the  stone  leaves  the  hand  and  rises  in  the  air ;  this 
means  that  tbe  rate  at  which  the  stone  increases  its  velocity  of  fall  is  less  than 

^  This  varies  slightly  from  place  to  place,  but  may  be  taken  as  about  33  ft.  per  second  per 
second. 
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that  «t  which  the  hand  increases  iti  rate  of  downward  movement.  Onet,  howeitr, 
tiiat  this  limit  is  passed  the  distance  to  which  the  stone  travels  through  the  air  is 
governed  solely  by  its  initial  velocity  and  direction  of  movement,  and  if  any  two  of 
these  three  is  known  the  other  can  be  calculated. 

79.  Though  a  consideration  o(  the  methoda  of  construction,  which  ahonld  be 
adopted  to  prevent  or  lessen  the  damage  caused  by  earthquakes^  would  bo  foreign 
to  the  purpose  of  this  introduction,  it  may  be  pwnted  out  that  the  foregoing 
paragraphs  show  that  one  of  two  principles  should  be  used  as  a  guiding  one, 
other  great  strength  or  great  lightness.  Sedng  that  the  strains  set  up  are 
dependent  on  two  factors,  the  inertia  of  the  object  affected  and  the  accderation 
of  the  wave-particle,  we  must,  as  we  cannot  control  the  second,  either  diminish  the 
first,  and  so  lessen  the  magnitude  o(  the  strMns^  or  increase  the  strength  of  the 
structure  so  that  it  shall  be  able  to  withstand  the  strains  set  up  i  in  other  words, 
and  to  use  Prof.  Milne's  simile,  the  ideal  should  be  either  the  wicker  basket  or  the 
steel  safe. 

VII.'-Tke  causes  of  earthquakes. 

8ow  An  earthquake  may  be  produced  by  any  cause,  of  the  nature  of  a  shock 
or  blow,  by  which  an  elastic  wave  or  waves  are  set  up  in  the  earth.  The  fall  of  a 
mountain,  or  even  a  house,  the  explosion  of  a  mine  or  magazine,  or  the  work- 
ing of  a  lai^e  steam  hammer,  may  set  up  a  disturbance  which  can  be  feltas  a 
earthquake  within  a  certain  distance  of  the  origin.  Excluding  these  disturbances, 
which  originate  naturally  or  artificially  at  or  above  the  surface  of  the  ground) 
and  restricting  the  term  to  those  natural  disturbances  which  originate  within  the 
earth,  earthquakes  have  been  recognised  as  being  produced  by  causes  which  divide 
them  into  three  distinct  classes,  namely,  (i)  Rockfall,  (a)  Volcanic,  (3]  Tectonic. 

81.  The  riwit/a// earthquakes  are  due  to  the  falling  in  of  the  roofs  and  wdea 
of  subterranean  hollows  or  caves.  They  are  feeble,  of  very  small  extent  and  may 
often  be  only  noticeable  as  sounds,  and  not  as  sensible  shocks. 

83.  The  voletnic  earthquakes  are  those  due  to  the  activity  of  volcanoes,  with 
which  may  be  included  earthquakes  due  to  the  rending  open  of  fissures  by  the 
sudden  development  of  steam  under  high  pressure.  This  last  cause  has  been 
inferred  in  the  case  of  some  earthquakes,  but  its  reality  has  never  been 
proved ;  volcanic  activity  is,  however,  wdl  known  to  be  associated  with  earth- 
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others  they  have  been  broken  through  by  fractures  and  one  ride  raised  by  hun- 
dreds and  even  thousands  ot  feet  with  respect  to  the  other.  All  these  deformations 
involve  the  exercise  of  great  forces,  which  are  opposed  by  the  natural  rigidity 
and  cohesion  of  the  rocks;  where  this  resistance  is  small  the  deformatiDn  nay 
go  on  gradually  :  where  it  is  somewhat  greater  the  strain  will  accumulate  till 
the  renstance  is  suddenly  overcome  and  an  earthquake  is  the  result.  The 
greater  the  power  of  resistance  the  greater  will  be  the  strain  which  accnmulates 
before  the  final  rdief  ukes  place,  and  the  greater  the  resulting  earthquake. 

85.  Tectonic  earthquakes  have  been  further  classified  according  to  the  form 
of  the  disturbance  to  which  they  were  due  into  fault,  iuave,  ovtrthruH  and  fold 
earthquakes.  Leaving  the  last  out  of  the  question  as  a  very  doubtful  class,  the 
separation  of  the  others  appear  to  be  of  little  use  and  to  be  rather  fanciful  than 
phikMophical.  All  alike  are  the  result  of  the  sudden  rdief  of  accumulated  strain, 
and  the  exact  form  of  the  fracture  to  which  this  is  due  appears  to  be  an  unessential 
detail  t  added  to  which  the  different  forms  of  fracture  accompanied  by  dis- 
placement to  which  the  terms  fault,  heave,  and  overthrust  are  applied  pass  into  each 
other  without  any  defined  line  of  demarcation.  The  term  fault  is  used  when  both 
the  fissure  and  the  movement  are  more  nearly  vertical  than  horizontal ;  in  a  luave 
the  fissure  is  also  nearer  vertical  than  horizontal,  but  the  movement  is  more  sid^ 
long  than  up  and  down  ;  while  in  an  ovirlkrutt  the  plane  of  the  fracture  is  nearly 
horizontal  and  the  horizontal  lUsplacement  consequently  greater  than  the  vertical. 

86.  It  is  important  tq  note  that  l^e  tectonic  earthquakes  are  in  no  way  con* 
nected  with  volcanic  action,  and  the  fears  so  generally  felt  in  Assam  and  Northern 
Bengal  that  the  earthquake  of  1897  would  be  followed  by  the  outburst  of  an  active 
volcano  were  not  only  ungrounded,  but  opposed  to  all  that  is  known  of  the  action 
of  the  natural  a^ncies  by  which  SEtrthquakes  are  produced. 

V///.— Secondary  earthquaket. 

87.  All  great  earthquakes  are  accompanied  by  others  which,  as  they  are  to  a 
certain  extent  the  result  of  the  principal  one,  may  be  called  sieondary  tarthquake*. 
These  are  of  two  kinds,  the  first  of  which  agrees  more  or  less  closely  with  the  prin- 
dpal  shocks  as  regards  the  position  of  the  focus,  though  succeeding  it  in  point  of 
time,  while  the  shocks  of  the  other  kind  coindde  with  the  principal  one  in  point  of 
time^  but  start  from  a  difierent  focus.  A  third  class  might  be  made  out  of  ahodcs 
which  to  a  certain  extent  combine  the  characteristici  of  the  two  first  mentioned. 

88.  Afttrthocis.-~7hc  shocks  of  the  first  sort  are  known  as  afierihoeit ; 
they  succeed  the  great  earthquake,  at  first  with  great  rapidity,  but  the  intervals 
gradually  get  longer  and  longer  till  the  average  number  of  earthquakes  becomes 
normal  once  more.  The  cause  of  the  aftershocks  is  not  difficult  to  understand. 
Every  great  earthquake  is  accompanied  by  more  or  less  displacement  in  the 
interior  of  the  earth ;  this  gives  rise  to  a  new  distribution  of  strains,  and  the 
gradual  relief  of  these  new  strains  causes  a  succession  of  earthquakes*  each  of 
which  ^ain  causes  a  redistribution  of  the  strains,  and  the  process  goes  on  till 
equilibrium  is  more  or  less  completely  restored. 

89.  These  aftershocks  have  been  carefully  studied  in  Japan,  and  it  has  bem 
fottnd  that  their  decrease  in  frequency  approximates  to  a  definite  law,  such  that,  if 
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two  line*  be  drawn  at  rijht   angles  to  each  other,  as  in  fig.  rfi,  and  divided 
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mto  parts  of  equal  length  which  shall  represent  equal  numbers  of  earthquakes  in 
the  one  and  equal  periods  of  time  in  the  other  case,  and  a  series  of  points  is  plotted 
Such  that  their  distances  from  the  one  line  represent  the  number  ol  shocks  fell  in 
any  given  period  of  time— hour,  day,  week.,  etc— and  their  distances  from  the 
other,  the  number  of  such  periods  that  have  elapsed  since  the  great  shocks,  then 
theline  joining  these  points  will  come  close  to  a  parabola  which  becomes  asymptotic 
with  tha  two  lines  at  right  angles  to  each  other. 

90.  This  will  be  better  understood  from  an  inspection  of  fig.  vi,  which  represents 
the  curves  of  frequency  of  the  aftershocks  of  two  Japanese  earthquakes,  as  deduced 
by  I^of.  Omori.  It  will  be  seen  that  the  frequency  of  the  aftershocks  is  great 
at  first,  but  the  decrease  in  frequency  is  also  great ;  as  the  absolute  frequency 
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independent  shocks  which  originate  from  their  own  centres  at  or  shortly  after  the 
passage  of  the  main  shock,  and,  as  the  time  of  their  occurence  is  determined  by 
that  of  the  greater  shock,  they  may  be  called  sympathetic  earthquakes. 

93.  It  is  conceivable  that  a  portion  of  the  earth's  crust  may  be  in  such  a  state 
of  strain  that  a  very  slight  disturbance  may  be  the  determining  factor  in  start- 
ing  an  actual  rupture.  In  these  circumstances  it  is  possible  that  the  molecular 
displacements  due  to  the  passage  of  an  earthquake  may  be  sufficient  to  deter- 
mine the  final  fracture  and  so  give  rise  to  a  sympathetic  earthquake ;  that  is 
to  say,  to  an  earthquake  which  is  unconnected  with  the  primary  one,  so  far  as 
the  place  and  cause  of  origin  are  concerned,  but  is  so  far  dependent  on  it  that  the 
moment  of  its  occurrence  is  decided  by  the  passage  of  the  earthwaves  of  the 
greater  shock. 

94.  There  are  many  recorded  cases  of  earthquakes  which,  occurring  at  the 
same  time  as  greater  ones,  have  been  regarded  as  sympathetic,  but  it  must  be 
confessed  that  the  connection  has  in  no  case  been  proved.  As  a  rule,  the  coinci- 
dence  in  time  is  only  approximate,  and  where  it  has  been  close  enough  to  permit 
the  supposition  of  a  causal  connection,  there  always  remains  the  possibility  of 
the  coincidence  being  merely  accidental.  The  existence  of  sympathetic  shocks, 
though  they  are  referred  to  and  described  in  text  books,  must  still  be  looked  upon 
as  conjectural  rather  than  established. 

95.  Sympathetic    aftershocksr^h  third  category  might  be  made  of  shocks 
which,  though  they  start  from  a  centre  which  is  neither  identical  nor  contiguous 
with  that  of  the  great  shock,  yet  follow  it  and  are  due  to  the  alterations  of  strains 
caused  by  the  displacements  which  accompanied  the  principal  shock.    In  the 
case  of  the  1897  earthquake  there  were,  during  the  autumn  months  of  the  year, 
a  number  of  small  earthquakes  in  the  Daqiling  district  of  the  Himalayas,  which 
evidently  originated  there,  and  did   not  spread  into  that  district  from  a  distant 
centre.    The  Darjiling  district  lay  well  outside  the  epicentre  of  the  principal 
shock,  yet  these  shockst  which  originated  there^  and  were  much  more  frequent 
than  the  normal  number  of  shocks  occurring  in  that  district,  must  have  been 
indirectly  due  to  the  great  shock ;  that  is  to  say,  the  displacements  of  the  earth's 
crust  under  the  epicentre  of  the  great  shock    caused  a  change  and  increase 
of  the  strains  in  the  Himalayas  outside  that  tract,  which  resulted  in  an  increased 
number   of  earthquakes.    These  were   not  aftershocks   in  the    ordinary  sense 
of  the  word,  for  they  did  not  originate  from  the  same  focus  or  from  an   extension 
of  it,  while  they  were  equally  not  sympathetic  earthquakes  as  defined  above,  for 
they  occurred  at  a  very  different  time ;  as  they  combine  part  of  the  characteristics 
of  these  two  classes  of  secondary  earthquakeSf  they  may  be  distinguished  as 
sympathetic  aftershocks. 
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THE  GEOLOGICAL  SURVEY  OF  INDIA. 

Report  on  the  Great  Earthquake  of  12th  June  1897,  by  R.  D. 

^dham,  A.  R.  S.  M.,  F.  G.  S.,  Superintendent,    Geohgieal 
Survey  of  India. 


Chapter  I.— INTRODUCTORY. 

At  about  quarter  past  five  in  the  afternoon  of  the  lath  June  1897, 
there  burst  on  the  western  portion  of  Assam  an  earthquake  which, 
for  violence  and  extent,  has  not  been  surpassed  by  any  of 
which  we  have  historic  record.  Lasting  about  two  and  a  half  min* 
utes,  it  had  not  ceased  at  Shillong  before  an  area  of  150,000  square 
miles  had  been  laid  in  ruins,  all  means  of  communication  interrupted, 
the  hills  rent  and  cast  down  in  landslips,  and  the  plains  fissured  and 
riddled  with  vents,  from  which  sand  and  water  poured  out  in  most 
astounding  quantities ;  and  ten  minutes  had  not  elapsed  from  the 
time  when  Shillong  was  laid  in  ruins  before  about  one  and  three- 
quarter  millions  of  square  miles  had  felt  a  shock  which  was  every- 
where recognised  as  one  quite  out  of  the  common. 

The  earthquake  found  the  geological  survey  in  a  manner  un- 
prepared for  it.  Of  the  officers  available  for  despatch  into  the 
earthquake  shaken  tracks,  there  was  but  one  who  had  paid  any 
special  attention  to  the  subject  of  earthquakes,  or  had  any  knowledge 
of  the  nature  of  the  observations  required,  beyond  such  as  might  be 
obtained  from  the  ordinary  curriculum  of  a  geological   student.    The 
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.•■.•,  area  affected  was,  however,  too  large  for  any  ooe  man  to^xamine 
,'.'•-'*  'single  handed,  and  the  advent  of  the  rainy  season  rendered  it 
necessary  that  the  work  ol  examination  should  be  undertaken  at 
once.  The  four  officers  at  headquarters,  Messrs.  T.  D.  LaTouche, 
H.  H.  Hayden,  E.  Vredenburg  and  G.  E.  Grimes,  were  accordingly 
despatched,  with  instructions  to  collect  what  information  they  could. 
Mr.  LaTouche  was  entrusted  with  the  examination  of  the  Assam 
Talley,  and  was  subsequently  instructed  to  visit  and  make  observations 
at  Shillong,  Cherrapunji  and  Sylhet;  Mr.  Hayden  examined  the  line 
of  railway  running  north  from  Calcutta  to  Darjiling,  and  several  of 
the  more  important  towns  in  Northern  Bengal  ;  Mr,  Vredenburg 
undertook  the  examination  of  the  country  to  the  west  of  this ;  and 
Mr.  Grimes  made  a  tour  through  Eastern  Bengal  and  the  Cachar 
valley.  These  investigations  were  confined  to  those  districts  where  a 
considerable  amount  of  damage  was  known  to  have  been  done, 
Mr.  P.  N.  Bose  was  afterwards  despatched  to  the  eastern  deltaic 
districts,  from  which  the  accounts,  received  at  first,  were  meagre,  and 
indicated  a  much  less  degree  of  violence  than  was  at  the  timft 
intelligible.  The  reports  submitted  by  these  officers,  so  far  as  they 
have  not  been  incorporated  in  the  text,  will  be  found  in  Appendix  A. 
Every  attempt  was  also  made  to  obtain  information  by  means  of 
letters  and  circulars;  a  large  number  of  volunteer  observers  were 
interested  in  maintaining  a  record  of  the  aftershocks  ;  while  the 
Local  Governments  and  the  Imperial  Telegraph  Department  had 
been  instracted  by  the  Government  of  India  to    render  all   informa- 
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which  the  disaster  was  met  and  the  complete  interruption  of  com- 
munications remedied.  These  matters  are  dealt  with  in  the  official 
reports  of  the  Governments  of  Assam  and  Bengal,  in  the  Adminis* 
tration  Reports  of  those  Governments,  and  in  the  annual  reports 
of  the  Imperial  and  Provincial  Departments  which  were  affected. 
Besides  these  an  excellent  summary  of  this  aspect  of  the  earthquake 
has  been  given,  in  an  easily  accessible  form,^  by  Mr.  H.  Luttman- 
Johnson,  formerly  Commissioner  of  the  Assam  Valley  Districts.  " 

In  the  notices  of  the  earthquake  which  have  been  published 
previous  to  this,  it  has  been  described  as  the  Calcutta,  the  Assam 
the  Indian,  or  merely  the,  earthquake  of  12th  June  1897.  The  first  of 
these  titles  is  obviously  inappropriate,  for  Calcutta  was  nowhere  near 
the  focus,  nor  was  the  earthquake  so  severe  there  as  at  many  other 
places.  The  second  title,  though  better,  seems  still  too  limited,  for 
the  province  of  Assam  covers  but  a  small  proportion  of  the  area 
affected  by  the  earthquake,  nor  did  the  focus  lie  entirely  beneath  the 
area  covered  by  the  province  of  Assam.  The  term  Indian  is  better, 
for,  not  only  was  it  felt  over  a  large  part  of  India,  but  the  greater 
part  of  the  whole  area  over  which  it  was  felt,  falls  within  the  limits 
of  the  Indian  Empire.  Even  this  name  is  not,  however,  altogether 
unexceptionable,  for  more  than  a  quarter  of  the  area  over  which 
it  was  felt  lies  outside  the  limits  of  the  Indian  Empire,  while  not 
more  than  about  a  third  can  be  said  to  lie  within  the  limits  of  India 

proper. 

In  fact,  it  is  not  possible  to  adopt  any  geographical  name  which 
is  altogether  satisfactory,  nor  does  this  seem  necessary  in  the  case 
of  the  greatest  earthquake  of  which  we  have  any  historic  record. 
On  the  title  page  of  this  report  I  have  referred  to  it  simply  as  the 
Great  Earthquake  of  I2th  June  1897,  and  this  appears  to  be  sufficient 
to  distinguish  it  from  other,  and  lesser,  earthquakes. 

In  dealing  with  the  earthquake,  I  shall  first  give  a  selection  from 
Ithe    numerous  accounts  received  by  me,   which  will   indicate   the 

1  The  Earthquake  in  Assam.    Joarnal  of  the  Society  of  Arts,  XLVI,  473-493  (1898). 
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nature  of  the  shock  at  different  places,  and  to  some  degree  its  extent, 
and  shall  then  devote  a  series  of  chapters  to  considering  the  special 
aspects  of  the  data  that  have  been  collected.  The  course  of  the 
investigation  is  sufficiently  indicated  by  the  headingsof  the  successive 
chapters,  but  before  proceeding  to  its  description  I  must  take  this 
opportunity  ol  expressing  my  obligation  to  the  numerouscorrespond- 
ents  whose  names  are  mentioned  in  the  succeeding  pages,  and  to 
those  many  others  whom  it  has  not  been  possible  to  name  indivi^ 
dually.  The  informatioo  that  each  could  give  naturally  varied  much 
in  value  and  importance,  but,  such  as  it  was,  it  was  willingly  given, 
and  what  is  more,  subsequent  correspondence  and  questions  were 
freely  answered  in  some  cases,  I  fear,  not  without  considerable 
trouble.  But  for  this  assistance  readily  rendered  the  information 
regarding  the  earthquake  would  necessarily  have  been  very 
incomplete. 

Chapter  II.— NARRATIVE  ACCOUNTS  OF  THE  NATURE 

OF  THE  SHOCK. 
In  accordance  with  the  genera)  scheme  of  description  proposed 
in  the  last  chapter,  we  commence  with  the  descriptions  of  the  earth- 
quake at  Shillong,  and  of  these  I  will  6rst  reproduce  that  of  Mr. 
(f,  H.  Smith,  of  the  Geological  Survey  of  India,  who  writes : 
"  Some  tremors  are  said  to  have  been  noticed  for  a  few  days  previously  by 
sensitive  persons ;  but  if  actually  perceived  they  must  have  been  very  slight 
indeed.  On  June  lath  the  severe  ^ock  commenced  without  any  warning  what> 
soever  (some  people  lay  they  noticed  a  rumbling  sound  for  10  or  15  seconds  before 
the  shock). 
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h)  sit  down  suddenly  on  the  road.  The  shock  was  of  considerable  duration, 
And  maintained  roughly  the  same  amount  of  violence  from  the  beginning  to 
the  end.  It  produced  a  very  distinct  sensation  of  sea-sickness.  The  earth  move- 
ment was  exceedingly  sudden  and  violent.  The  feeling  was  as  if  the  ground 
was  being  violently  jerked  backwards  and  forwards  very  rapidly,  every  third  or 
fourth  ferk  being  of  greater  scope  than  the  intermediate  ones* 

"  The  surface  of  the  ground  vibrated  visibly  in  every  direction,  as  if  it  was 
made  of  soft  jelly  ;  and  long  cracks  appeared  at  once  along  the  road.  The  sloping 
earth-bank  round  the  water  tank,  which  was  some  lo  feet  high,  began  to  shake 
dbwn,  and  at  one  point  cracked  and  opened  out  bodily.  The  road  is  bounded  here 
and  there  by  low  banks  of  earth,  about  2  feet  high,  and  these  were  all  shaken 
down  quite  flat  The  school  building,  which  was  in  sight,  began  to  shake  at  the 
first  shock,  and  large  slabs  of  plaster  fell  from  the  walls  at  once.  A  few  moments 
^terwards  the  whole  building  was  lying  flat,  the  walls  collapsed  and  the  corru« 
^ated  iron  roof  lying  bent  and  broken  on  the  ground. 

"  A  pink  cloud  of  plaster  and  dust  was  seen  hanging  over  every  house  in 
Shillong  at  the  end  of  the  shock. 

"My  impression  at  the  end  of  the  Shock  was  that  its  duration  was  certainly  under 
I  minute,  and  that  it  had  travelled  from  south  to  north.  Several  other  observers 
agree  with  me  in  limiting  the  first  and  great  shock  to  40  or  50  seconds.  1  have 
heard  since  that  its  duration  was  timed  roughly  in  Shillong  and  Gauhati,  and  put 
down  at  2^  minutes ;  but  I  feel  convinced  that  this  includes  subsequent  tremors, 
which  lasted  some  time.  The  violence  of  the  shock  may  be  imagined  when  it  is 
stated  that  the  whole  of  the  damage  done  was  completed  in  the  first  10  or  15 
seconds  of  the  shock. 

"  The  buildings  of  Shillong  might,  before  the  earthquake,  have  been  grouped 

into  3  classes,  which  correspond  now  to  3  degrees  of  ruin  ; 
Damage  done.  "  I*    Stone  Buildings. — It  is  not  too  much  to  say  that 

every  bit  of  solid  stone  work  in  the  neighbourhood  ot 
Shillong,  including  most  of  the  bridges,  is  absolutely  levelled  to  the  ground.  The 
stone  houses,  and  conspicuously  the  church,  are  now  reduced  to  flat  heaps  of 
single  loose  stones,  covered  with  torn  and  burst  sheets  of  corrugated  iron  •  the 
remains  of  the  roofs. 

"  The  walls  do  not  show  the  slightest  partiality  in  their  direction  of  falling. 
The  stones  have  in  every  case  been  shaken  loose,  and  have  collapsed  equally  on 
both  sides  of  the  line  of  the  wall. 

**  Heaps  of  stones  along  the  roads,  broken  for  mending  purposes,  which  stood 
I  foot  high  before  the  shock,  are  now  flat,  roughly  circular  patches  3  or  4  inches 
in  thickness. 

**  Two  tall  monuments  of  excellent  cut  stone  work,  about  20  or  30  feet  in 
height,  are  in  ruins  ;  though  in  each  case  some  feet  of  the  masonry  at  the  base 
still  retain  an  upright  position— the  individual  stones  being  shaken  from  each  other. 
The  ruins  are  scattered  most  impartially  on  all  sides  in  a  rough  circle.  The 
pinnacle  of  the  larger  (Quinton)  monument  has  been  thrown  down  bodily,  and 
lies  some  feet  from  the  centre  of  the  stone  work  pointing  N.-N.-E. 

"  3.    Bkra'built  BuVdings,'»h  wooden  frame  work,  with  walls  of    san  grass 
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covered  with  plaster.  About  half  the  buildings  of  this  description  an;  ruined  in  the 
same  way  as  the  stone  buildings.  All  the  large  ekra  buildings  are  utterly  ruined 
inside,  the  chimneys  in  all  cases  being  of  stone  work,  the  whole  of  which  has  fallen 
with  the  plaster  from  the  walls,  and  in  many  cases  the  roofs  also. 

"  Small  outhousei  and  villages  of  ekra-work  have  in  some  cases  escaped  with 
the  loss  of  the  plaster.  Some  of  the  new  larger  buildings  would  also  have  escaped, 
but  for  the  stone  chimneys,  which  have  in  every  case  wrecked  the  house. 

"  3.  Plank  Buildings,— Bvill  on  the  "  log  hut  "  principle,  a  wooden  frame 
work  covered  with  planks,  resting  unattached  on  the  ground.  The  only  buildings 
of  this  description  were  slables  or  outhouses.  In  every  case  they  have  escaped 
untouched,  except  where  the  supporting  stone  work  has  been  shaken  away,  when 
they  have  been  slightly  displaced. 

"  Trees  in  Shillong  have  not  suffered  much,  two  only  were  brought  down  by 
the  shock,  and  as  they  were  leaning  over  to  begin  with,  iheir  direction  of  falling 
does  not  give  any  evidence. 

"  In  Shillong  itself  the  roads  and  hillsides  are  cracked  in  all  directions,  but  the 
cracks  merely  show  the  lines  (rf  weakness  in  the  ground, 
"  which    has    been    simply  shaken  down  by  the  violent 

vibration,  which  has  apparently  acted  in  every  direction, 

"Small  banks  of  earth  have  been  flattened  everywhere,  and  the  bauil  of 
the  artificial  lake — a  bank  some  150  yards  long  and  30  or  40  feet  high,  made 
mostly  of  earth,  gave  way  almost  at  once  when  the  great  shock  began.  The  centre 
half  of  it  has  been  carried  bodily  away  down  the  valley  below  by  the  rush  of 
water. 

"  On  the  hills  round  Shillong  four  or  five  considerable  landslips  can  be  seen. 
Patches  of  hillside  debris  have  fallen  from  sleep  nala  banks,  carrying  trees  and 
undergrowth  with  them,  and  marked  now  as  patches  of  red  soil  on  the  hill— the 
largest  is  about  300  feet  in  width  and  the  same  in  height." 

Another  account  which  may  be  reproduced  is  that  of  the  Assia- 
tant  Superintendent  of  Telegraphs,  Shillong  Division,  contained  in  his 
ofRcial  letter  No.  1473,  dated  i2lh  July  i897,Shillong,  and  addressed 
to  the  Director  General  ot  Telegraphs.     According  to  this, — 
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sfiaking  was  over,  I  looked  at  my  watch,  and  allowing  for  the  error  of  my  watch 
by  that  day's  time,  found  the  time  was  5-16  p.m. 

I  estimate  the  duration  of  the    whole  earthquake  to  be   about    i(   minutes. 
Duration  and  direction     The  first  shock  lasted   about   lo  to   15  seconds,  so  that 
of  shock.  the  destructive  shock  lasted  from  75  to  80  seconds. 

The  direction  is  more  difficult  to  determine.  Judging 'from  the  rumbling 
sounds,  they  appeared  to  come  from  the  south.  During  the  shock  there  were 
no  undulating  waves ;  there  appeared  to  me  to  be  no  ve  rtical  motion.  The  hill 
I  was.  on  at  the  time  simply  felt  as  if  it  was  being  rapidly  moved  in  a  horizontal 
plane  backwards  and  forward.  This  motion  was  so  violent  that  I  was  unable  to 
stand,  but  had  to  crawl  on  my  hands  and  knees  and  hold  on  to  a  tree  for 
support. 

I  examined  several  stone  structures,  the  Church,  Telegraph  Office, 
Divisional  Superintendent's  and  Sub-Divisional  officer's  offices,  and  found 
they  had  simply  collapsed,  owing  to  the  stones  being  shaken  out  of  their  position, 
the  debris  remaining  all  round  the  site,  with  a  slightly  greater  accumulation  on 
the  north  side.  The  roof  in  all  these  cases  has  simply  fallen  almost  exactly  over 
the  place  where  the  supporting  walls  were.  The  Quinton  Memorial,  which  was 
a  stone  spire,  has  collapsed,  and  the  stones  it  was  built  of  are  simply  lying  piled 
round  the  base.  The  stoneware  column  which  was  at  the  top  was  lying  south- 
south-west  and  north-north-eastt  This  I  take  to  be  the  true  direction  of  the 
destructive  shock.  '*  ^ 

One  more  extract,  from  an  account   given   by  the    correspondent 

of  the  Pioneer  newspaper  in  its  issue  of  3rd  July  1897  : 

"  As  regards  the  movements  of  the  earth's  surface,  I  can  furnish  only  the 
personal  impressions  of  one  who  has  had  little,  if  any,  scientific  training.  The 
movements  seemed  tome  to  be  distinctly  horizontal  and  undulating,  the  surface 
of  the  earth  presenting  the  aspect  of  a  storm-tossed  sea,  with  this  difference  that 
the  undulations  were  infinitely  more  rapid  than  any  seen  at  sea.  The  depth  of 
each  wave  seemed  to  me  to  vary  from  one  to  three  feet,  but  this  is  the  estimate 
of  an  unscientific  individual  who  had  never  observed  any  similar  phenomenon, 
and  your  readers  must  take  it  for  what  it  is  worth.  I  should  also  add  that  the 
earth's  surface  seemed  to  me  to  have  a  gyratory  motion,  as  though  each  little  area 
were  moving  in  a  whirl.  It  may  be  that  the  horizontal  and  gyratory  movements 
cannot  take  place  at  the  same  time,  and  that  the  latter  was  apparent  only,  the  im- 
pression formed  in  my  mind  being  due  to  the  rapid  undulatory  movements." 

I  have  also  received    a   number  of  accounts,  both  written   and  ^^ 

verbal,  all  of  which  agree  in  asserting  that  there  was  a  very  marked 
undulation  of  the  surface  of  the  ground.  Different  accounts  place 
the  length  of  these  undulations  at  from  8  feet  to  10  yards  and  their 
height  at  from  i  to  3  feet.     It  is  probable   that  the   highest  of  the 

(  7  J 


I 


8  OLDHAM:  GREAT  EARTHQUAKE  OF   1897. 

former  and  the  lowest  of  the  latter  values  are  nearest  the  truth,  and 
we  may  take  it  that  the  waves  were  about  30  feet  long  and  i  foot 
high  on  the  average,  but  that  many  may  have  been  both  shorter  and 
higher.  All  the  accounts  also  agree  in  showing  that  there  was  a  very 
considerable  vertical  component  in  the  shock,  loose  stones  lying  00 
the  surface  of  the  roads  being  tossed  in  the  air  "like  peas  on  s 
drum,"  this  vertical  movement  being  accompanied  by  a  more  marked 
backward  and  forward  movement  of  the  ground,  the  sensa* 
tion  produced  being  generally  expressed  as  being  "  shaken  like  a  rat 
by  a  terrier."  As  will  be  seen  in  Chapter  V,  the  range  of  this 
motion  must  have  been  at  least  8  or  9  inches.  As  to  the  period,  or 
rate  of  repetition,  1  was  unable  to  obtain  any  really  satisfactory 
evidence ;  in  the  (ace  of  so  great  and  so  unexpected  a  catastrophe,  it 
could  not  be  expected  that  attention  would  be  paid  to  a  matter  which 
would  not  be  regarded  as  important,  but,  by  asking  people  to  try  and 
recollect  their  sensations  at  the  time  and  to  ^dicatc  the  rate  and 
extent  of  the  movement,  1  found  that, there  was  a  very  substantial 
agreement  as  to  the  first,  and  that  the  rate  must  have  been  approxi- 
mately one  second  for  the  double  movement  forwards  and  back- 
wards. It  may  have  been  a  little  more  rapid,  hut  i  do  not  think  it 
would  possibly  have  exceeded  i  J  second. 

All  the  accounts  from  the  station  of  Shillong  agree  in  stat- 
ing that  the  first  indication  that  was  noticed  was  a  rumbling 
sound,  like  that  of  a  rapidly  moving  cart ;  but  Mr.  R.  S,  Strachey, 
who  was  riding  at  the  time  on  the  Peak,  some  1,400  feet  above 
Shillong,  states  that  his  attention  was  first  attracted  by  the  rustling 
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PART  I— TURA>.— 

**  U  To  make  this  part  of  the  report  clearer,  I  have  begun  with  a  short  des* 
cription  of  Tura  station,  of  which,  too,  a  map  (not  printed)  is  herewith  sent.  In 
this  map,  only  the  portion  south  of  the  Ronkon  stream  has  been  accurately 
drawn.  The  contours  are  at  5  feet  intervals.  The  rest  was  surveyed  with  a 
chain  and  compass,  the  contours  being  roughly  put  in,  merely  to  show  the 
general  formation  of  the  ground,. 

**  2.  On  referring  to  this  map,  it  will  be  seen  that  the  station  is  a  very  small 

one,  and  built  mainly  on  three  spurs  running  from  east 
^Short  description  of  ^^  ^^^^   j^^  g^^^.^^  j^^^  ^^  elevation  of  about  1,300  feet 

above  sea  level.  It  is  situated  at  the  foot  of  the  western 
end  of  the  main  range  of  the  hills  in  this  district,  which  rises  immediately  and 
steeply  above  it  to  a  height  of  some  4,000  feet  above  the  sea,  and  thence  continues 
almost  due  east  to  the  ranges  of  the  Khasi  Hills.  The  conformation  of  the  spurs 
consists  of  a  backbone  of  sandstone  covered  more  or  less  deeply  with  a  loose, 
reddish  sandy  soil,  plentifully  mixed  with  boulders  of  (what  1  am  told  is)  gneiss. ' 
The  crests  of  the  spurs  are  broad  and  fairly  level,  but  the  sides  are  steep  and 
occasionally  precipitous.  At  the  bottom  of  each  ravine  is  a  small  (hill)  stream 
flowing  over  a  rocky  bed. 

*'  3.  The  week  preceding  the  earthquake  began  with  fine  weather,  a  clear  ntmos- 

_  phere,  and  not  much    rain.     On    the  loth    there  was  a 

timaof  tScwth%i*ke.        Change.     Heavy    masses  of  cloud   gathered   round  the 

top  of  Tura  pahar  (t.^.,  the  high  hill  above  the  station), 
and  the  air  had  a  feeling  of  thunder  in  it,  though  there  was  no  rain  until  noon 
of  1 2th,  when  a  smart  shower  fell.  This  cleared  off  about  2  P.ii.,  but  was  follow- 
ed, after  a  vivid  sunset,  by  heavy  downpours  lasting  until  the  morning  of  the 
13th. 

••4.  There  being  no  telegraph   wire  to   Tura,  there  is  no   means  of  checking 

^.      .        ,  ,  .        Our  local  time.    We  depend  chiefly  on  a  sun  dial,  but  as 

The  tune  of  the  earth*      i^ .  ,  ,         ^  ,,  ,^  .  ,.   , ,        «,, 

q„2|{0.  It  was  maccurately  put  up,  the  result  is  unreliable.    The 

guard-room  clock  stopped  at  5-5  p.m.,  and  this  was   the 

time  of  the  first  shock  by  my  watch. 

"5«  The  exact  time  the  earthquake  lasted  was  not  noted  by  anybody  in  Tura. 

The  consensus  of  opinion  fixes  it  at  five  minutes  or 
MTthquali?^''"  ""^  '^*  ^or\g&r.  The  shock  began  with  a  sharp  vibration,  in- 
creasing in  about  20  seconds  to  a  violent  rocking  and 
heaving  motion  of  the  earth,  which  lasted  about  three  minutes;  in  about  two 
minutes  more  it  gradually  subsided  to  a  gentle*  but  distinct  tremor.  A  few 
persons  assert  that  the  shock  was  preceded  by  a  loud  rumbling  noise,  but  this  is 


>  Reprinted,  with  a  few  trifling  omissions,  from  the  official  report  of  the  Assam  Govern- 
ment, published  in  the  Assam  Ca»ette  and  also  separately. 

*  The  bills  are  composed  of  gneiss  and    other  crystalline  rocks,    on    which  in    plaoss  are 
patches  of  tertiary  sandstone  and  shales. —  R.  D.  O. 
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doubtful   (personally  I  did  not  hear  it).     Everybody,  however,  agrees  that  such 
a  sound  was  audible  during  the  shock. 

■'  This  tremor  of  the  earth  continued  almost  without  intermission  through  the 

SubKqueot  shocks.  "'ght  of  the  lath  June,  increasing  at  irregular  Intervals 

of  some  minutes  to  a  strong  and  jerky  shake  of  sufficient 

force  to  m»ke  houses  rallle  and  trees  quiver.    These  shocks  were,  and   still  are, 

almost  invariably  announced  by  a  distinct  rolling  sound  as  of  far-off  thunder. 

"  Nobody  has  kept  any  record  of  their  number,  but  from  several  hundreds 
in  the  twenty-four  hours,  they  have  decreased  to  ten  or  twelve  a  day  ;  even  now 
some  are  nearly  as  strong  as  those  immediately  following  the  first  and  severest 

"6.  The  effects  of  the  earthquake,  as  seen  on  the  ground,  are(i)  landslips 
Effect!    of  the  earth-      W  cracks  and  fissures;  {3)  ridges  and    furrows;  (4) 
quake  on  the  gruund.  depressions  of  the  surface. 

(i)  taniiii^*.— Landslips  are  now  visible  from  the  station  in  every  direction, 
but  are  fewest  to  the  north.  They  have  occurred  wherever  the  ground  was  steep 
and  not  formed  of  solid  rock.  In  the  station  itself  the  southern  spur  has  suffered 
most,  and  mwe  on  the  south  side  than  on  the  north.  There  is  a  large  slip  at  the 
head  of  the  ii«Ka  to  the  south  of  the  Deputy  Commissioner's  bungalow.  From 
this  point,  as  tar  as  the  parade  ground  (on  the  western  extremity  of  the  spur,  not 
shown  in  the  map),  the  whole  hillside  has  slipped  more  or  less  ;  on  the  northern 
face  the  landslips  are  both  fewer  and  smaller.  The  small  spur  on  which  the 
inspection  bungalow  and  charitable  dispensary  stand  displays  similar  effects.  On 
the  south  side,  half  the  knoll  on  which  the  clerks'  houses  were  built  has  come 
down,  and  there  is  a  smaller  slip  within  a  few  feet  of  the  charitable  dispensary. 
On  the  northern  face,  only  a  tew  rocks  have  fallen. 

"  The  large  spur  on  which  the  cemetery  and  Forest  Officer's  bungalow  are 
situated  has  small  landslips  an  both  sides.  The  spur  on  which  the  mission  com- 
pound lies  hat  suffered  least  of  all,  there  being  only  one  small  slip  on  its  southern, 
face.  On  the  other  hand,  the  high  hill  immediately  behind  it  is  scarred  all  over, 
(a)  Crae*ianJ jSjiMrei.— Cracks  in  the  ground  are  to  be  seen  everywhere,  but 
chiefly  in  the  vicinity  of  landslips  and  along  the  upper  edges  of  sloping  ground. 
Their  direction  follows  the  line  of  the  hills.  Besides  them,  however,  there  area 
good  many  on  the  level  crests  of  the  spurs  far  from  any  sloping  ground  and 
running  in  various  difections.    In  some,  a  walking  stick   can  be  pushed  down  to 
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are  visible.  In  other  places,  the  earth  seems  to  have  first  opened  and  then  closed 
again  with  great  pressure,  forcing  up  the  turf  along  the  line  of  cleavage  into 
ridges,  thus  (Fig,  i). 

"  In  other  places,  again,  targe  pieces  of  turf  are  found  lying  on  the  grass  with 
no  mark  or  sign  to  show  the  place  from  which  they  had  been  torn, 

"(4)  Dtprtuiem  of  the  fKr/ac«.— Depressions  of  the  surface  of  theearth  are 
only  a  few  inches  deep  and  apparently  of  small  area.  Their  edges  at  6rst  were 
clearly  defined,  but  now  have  become  worn  down  by  the  weather  and  by  the  feet 
of  men  and  animals.  Those  near  sloping  ground  are  due,  no  doubt,  to  the 
slipping  of  the  earth  or  displacement  of  some  lar^e  boulder  below,  but  others 
occur  in  the  centre  of  the  most  level  places,  and  indicate^ perhaps  an  actual 
subsidence  of  some  substratum  of  th%  spur  itself. 

"Trees  have  not, as  a  rule,  been  damaged,  except  on  steep  hill  sides  and  in  sandy 
soil,  where  in  many  cases  the  earth  seems  to  have  been  shaken  away  from  the  roots* 
"  Astoneonthe  paradeground, about  30  inches,  in  diameter  and  10  inches 
thick,  partly  imbedded  in  the  ground,  was  thrown  to  a  distance  of  about  3  feel, 
and  turned  upside  down.  A  cylindrical  metal  rain>gauge  on  the  Depuiy  Com- 
missioner's lawn  was  also  similarly  displaced.  

"  7.  Ail  buildings  in  Tura.  both  Government  and  private,  may  be  divided  into 
four  classes  : — Fint. — Those  built  on  wooden  piles  from 
to  to  30  inches  in  diameter,  driven  several  feet  into  ^the 
ground  and  reaching  up  to  the  roof.  These  have  a  raised  board  floor,  mud  and 
reed  nails  supported  by  timber  battens,  and  a  roof  of  thatch  or  corrugated  iron. 
Of  this  clasa  are  the  houses  of  the  Deputy  Commissioner,  District  Superinten- 
dent of  Police,  Forest  Officer,  and  Sub-Engineer,  the  inspection  bungalow,  cut' 
cherry,  and  the  houses  of  the  American  Baptist  Mission. 

"The  houses  of  the  Deputy  Commissioner,  District  Superintendent  of  Police, 

Forest  Officer,  and  Sub-Engineer  are  damaged  more  or  less  severely  in  the  same 

fashion.    Several  posts  have  sunk  from  a  lew  inches  to  a  foot   deeper  into  the 

earth,  causng  the  floor  to  buckle  and  the  roof  to  sag.     Many,  too,  are  out  of  the 

perpendicular.      At   the  point 

each  post  enters  the  ground,  a 

cup-shaped    depression,    from 

one  to  six  inches  in  depth  and 

diameter,  has  been  worn  round 

itthus{cig.  3)  as  though  the 

post  had  been  given  a  circular 

movement ; 

"  Many  of  the  timber  bat- 
tens supporting  the  walls  have 
been  wrenched  loose,  most  of 
theplaUerhas  fallen,  and,  where  old  and  rotten,  the  reeds  have  come  down 
with  it       The  bungalows  of  the  Deputy  Commissioner     and   District  Super- 
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intendcntof  Police  have  suffered  most.  The  former  was  built  in  1873-73,  th« 
latter  in  1875.  the  Forest  Officer's  bungalow  was  built  about  twelve  years  a^. 
Its  walls  have  been  badly  damaged,  and  to  a  smaller  extent,  also  ihe  posts,  floor, 
and  roof. 

"The  Sub' Engineer's  house  was  built  in  iS83-84i  it  has  suffered  in  the  same 
degree  as  the  Forest  Officer's, 

"  The  inspection  bungalows  and  cutcherry  were  erected  in  1889  and  1889-901 
respectively.  They  are  both  in  fair  condition  as  regards  posts,  floor  and  roof, 
but  the  walls  have  been  almost  destroyed. 

"While  Government  buildings  havt!  fared  so  badty,  it  is  curious  to  note  that 
the  houses  of  the  AiAerican  Baptist  Mission  have  withstood  the  shocks  with  com* 
parative  immunity.  The  reason  perhaps  is  that  the  posts,  instead  of  being  driven 
deep  into  the  ground,  mostly  rest  on  stones  almost  flush  with  the  earth,  or  flat  on 
the  earth  itself.  Their  walls,  too,  on  the  sides  exposed  to  the  weather  are  protected 
with  sbout  planks,  which  no  doubt  Increase  the  strength  of  the  structure. 

"  The  second  class  oE  buildings  differ  only  from  the  first  in  that  they  have  a 
Stone  and  cement  plinth,  instead  of  a  raised  board  door.  In  this  class  are  the 
Civil  Surgeon's  house,  the  charitable  dispensary,  the  post  ofEce,  the  treasury, 
and  some  shops  in  the  bazaar.  The  most  remarkable  point  about  them  is  the 
manner  in  which  the  plinlhs  have  cracked  and  broken  up.  It  is  most  noticeable 
in  the  treasury.  This  building  stood  on  a  gentle  slope  a  few  feet  from  the  top  o^ 
a  steep  hill-side.  It  had  a  slrong  frame  of  timber,  walls  and  roof  of  corrugated 
iron,  and  a  massive  plinth  of  cement  and  large  stones.  The  plinth  was  70  feet 
long,  and  32  feet  6  inches  wide  with  a  maximum  and  minimum  height  of  8  feel  and 
I  foot  6  inches,  respectively.  The  floor  was  of  concrete  and  cement  to  a  depth  of  9 
inches.  Solid  as  it  was,  it  crumbled  away  like  a  pile  of  sand  before  the  first 
shock  had  stopped.  'I  he  stones  railed  out  on  all  sides,  and  the  floor  was  broken 
into  little  pieces.  The  whole  building  tilted  over  towards  the  thud,  wrenching 
the  main  posts  in  every  direction,  and  uprooting  or  breaking  the  smaller  ones 
which  supported  the  verandah.  The  plinths  of  the  other  buildings  also  cracked 
up,  and  the  sides  tell  away,  leaving  gaps  under  the  walls,  but  they  do  not  show 
Signs  of  such  violent  action  as  the  treasury.  The  frame  and  roofs  are  almost  all 
sound ;  in  the  Civil  Surgeon's  house  only,  the  thatch  has  parted  along  the  ridges 
of  the  roof  and  slipped  to  the  ground.  The  walls  have  been  denuded  of  plaster 
and  the  batrens  have  In  some  places  been  loosened.     These  buildings  were  erected 
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have  collapsed,  owing  either  to  their  original  ricketty  condition,  or  to  the  ground 
having  fallen  away  under  them. 

"  The  fourth  class  consists  of  the  Garo's  houses  with  a  raised  floor  and  buili 
entirely  of  wood,  bamboo,  cane,  and  thatch. 

*'  These  houses,  when  on  level  g^und  and  in  fairly  good  repair,  have  not  been 
at  all  affected  by  the  shaking.  Unfortunately,  many  of  them  were  built  (in  a  hilly 
district  like  this)  on  steep  hillsides,  or  at  the  base  of  cliffs,  and  numbers  of  then) 
have  been  destroyed  by  landslips.  In  all  the  houses  in  the  station,  furniture  was 
thrown  about  in  great  confusion,  pictures  fell,  the  pendulums  of  clocks  were 
shaken  off,  chairs  and  tables  shifted  about  like  grains  of  rice  in  a  winnowing 
basket.  Almirahs  and  book  cases  were  overturned }  in  short,  no  moveable 
article,  however  big  and  heavy,  was  left  in  its  original  place. 

**  8.  The  station  roads  and  bridges  had  been  badly  damaged ;  that  part  of  the 

Sutioo  roads  and  bridges.      ''^^    running    past  the     District    Superintendent    of 

Police's  house,  marked  A  B  C  in  the  map,  has  slipped 
away  altogether,  and  the  path  from  the  jail  to  the  point   marked   D   is  covered 
by  a  landslip.    The  stone  abutments  of  the  bridges  over  the  Ronkon  and  the 
Mafilkol  have  been    shaken  down,  but  the^bridge  over  the  Rengri  has  escaped 
untouched. 

'^  To  sum  up.  The  damage  done  by  the  earthquake  has  been  greater  on  the 
southern  than  on  the  northern  sides  of  the  spurs,  while  it  is  also  most  noticeable 
on  the  southern  spurs,  decreasing  gradually  towards  the  north.  The  small  collec- 
tion of  houses  near  the  mission  compound,  marked  Chandmari  in  the  map,  show.t 
no  signs  of  any  disturbance,  nor  do  the  bridle-paths  to  Rongrenggiri  a««d 
Salmara  for  the  first  3  miles  from  Tura.  On  the  other  hand,  the  cart-roads  to 
Palu  and  Mankachar  are  blocked  with  landslips  right  up  to  th^  stattoh. 


PART  II.— THE  DISTRICT. 

*<  9.  Owing  to  the  difficulties  and  the  deficiencies  in  the  means  of  commciriKa* 
tion  in  this  district,  full  reports  of  the  damage  done  have  not  yet  been  received 
from  all  sides. 

**  In  the  plains  portions  of  the  district  deep  cracks  and  crater-like  pits  appeared 

in  the  ground  ;  one  of  the  cracks  is  as  much  as  a  mile 
Damage  in  the  plains.         long,   2  or  3  feet  wide,  and  16   feet   deep.    The  pits 

average  about  6  feet  in  diameter,  though  one  is  said  to 
be  as  much  as  40  feet  across.  Through  these  fissures,  jets  of  sand  and 
water  were  thrown  up  to  a  height  of  6  or  7  feet,  in  a  few  cases  accompanied  by 
pieces  of  coal,  peat,  resin,  masses^  of  semipelrified  timber,  and  a  black  earth 
hitherto  unknown  in  those  localities.  The  bed  of  the  Ganal  was  upheaved  20  feetT 
and  so  was  the  bed  of  the  Jinjiram,  but  not  so  much.  Both  have  since  settled 
down  again,  though  not  to  iheir  normal  level.  — ^ 

"  Many  houses  sank  into  the  grcund  bodily,  the  roof  alone  being  visible,  but 
po  loss  of  life  has  yet  been  reported.  Several  villages  were,  and  still  are,  partly 
^libmerged,  and  some   thousands  of  bighas  of  cultivated  land  have  been  made 
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uselesf .  Of  the  crops,  jute  ha*  suffered  most ;  in  tome  fields  plants  as  high  as  a 
man  have  been  completely  buried  in  sand.  The  mhu  crop  has  suffered  a  great 
deal  less,  and,  where  not  destroyed,  promises  lo  be  up  to  the  average.  Several 
bhiU  have  silted  up,  and  the  newly-formed  land  is  now  being  ploughed  for  talii 
as  the  soil  is  excellent,  good  results  are  expected.  The  earthquake  caused  a 
regular  panic  amongst  the  plains  people.  Whole  villages  were  deserted  for  daysi 
while  the  inhabitants  took  refuge  in  the  hills,  A  few  Garos  look  advantage  of 
this  to  loot  thdr  granaries.  Considering,  however,  the  extraordinary  facilities  for 
thieving  aflorded,  very  little  crime  was  committed.  ^ 

■•  10*  In  the  hills,  landslips  have  caused  a  great  deal   of  damage,  granaries 
have  been  wrecked,  and  much  grain  lost.    The  cultivated 
Damsce  in  thehilb,         ^^^^^^   ^f  ^^^  ^^•^^^^  ^^^^^  cracked  so  as  to  injure  the  crop, 
and  in  some  places  the  earth  has  been  so  severely  shaken  as  to  destroy  it. 

"  It  is  generally  stated  that  some  hills  have  sunk  bodily  many  feet  while  others 
have  risen.  In  the  case  of  two  hills  between  Tura  and  Rowmari,  this  as- 
sertion is  corroborated  by  the  signallers  of  the  Military  Police,  who  have  been 
constantly  practising  with  the  helit^aph  from  these  two  places. 

"II.  1  regret  to  say  there  have  been  more  lives  lost  than  was  at  first  supposed. 

Up  to  date  the  number  ts  37,  but  as  the  reports  arrive 

Mortalit).  ^o"*  t^B  ""^^^  inaccessible  parts  of  the  district,  this 

number  will,  I  fear,  be  considerably  exceeded.    The 

greatest  loss  has  occurred  in  the  lower  part  of  the  Someswari  Valley  In  the  circles 

of  Dong  and  Dsmjing  lojMari;  the  latter  with  his  whole  family  was  buried  in 

his  house  by  the  fall  of  the  hill  above  it. 

"  la-   The    GaroE   generally  were  thrown  into  a  state  0/ slolid  bewilderment  by 
the   earthquake.    They  left  their  fields,  and  retired 
Attitode  of  the  people.  'nto  their  village  houses  to  await  further  catastrophes. 

The  Garo  belief  is  that  the  world  is  a  square  flat  body 
hung  up  by  a  string  at  each  corner.  There  is  a  squirrel  always  trying  to  gnaw 
thesestrings,  but  to  prevent  it  a  demon  was  appointed.  This  demon,  however, 
neglected  his  duty,  and  in  order  that  his  attention  might  not  in  the  future  be  di- 
verted from  his  work,  he  was  struck  blind.  Now  that  he  can't  see,  the  squirrel 
of  course  has  the  best  of  il,  and  it  is  (eared  that  when  one  or  two  of  the  strings  are 
gnawed,  the  earth  will  be  turned  upside  down.'  Another  story  is  that  Her  Most 
Gracious  Majesty,  not  content  with  the  last  earthquake,  has  ordered  another  and 
vigorous   one   to  be   followed   by   a  cyclone.     That  it  is  in  the  power  of  the 
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**  13.  The  district  roads  have  all  been  badly  damaged  ;  the  cart-roads  to  Dalu 

and  Mankachar  were   impassable  for  weeks,  except 
Roads.  by  ^oot  passengers.     In  the  hills,  they    were  blocked 

by  landslips,  in  the  plains  embankments  sank  2  or  3 
feet  for  long  distances,  breaches  were  frequent,  and  bridges  had  nearly  all  sub- 
sided more  or  less.  At  the  22nd  mile  of  the  Mankachar  road,  a  timber  bridge, 
80  feet  long,  was  heaved  up  to  a  height  of  8  feet  above  its  proper  level.'. 

To  the  north,  in  the  alluvial  plain  at  foot  of  the  Garo  hills,  but 
still,  as  it  would  seem,  within  the  area  of  the  seismic  vertical,  we 
have  the  account  df  Surgeon-Major  E.  F.  H.  Dobson,  Civil  Surgeon 
of  Dhubri,  contained  in  a  demi-official  letter  addressed  to  Mr.  H.  J. 
Cotton,  C.S.I.,  Chief  Commissioner  of  Assam.' 

"  On  the  1 2th,  I  sent  you  a  demi-official,  and  about  four  hours  later,  that  is 
at  3  p.  m.,  left  the  station  by  the  ferry  steamer,  which  landed  me  on  the  opposite 
bank  at  4-15,  and  from  there  I  drove  to  Jemadarhat,  where  I  met  my  camp. 
There  was  a  stormy  sky  ahead  and  a  strongish  breeze  blowing  whilst  I  was  cross* 
ing  the  river  ;  on  reaching  the  opposite  bank,  had  a  few  drops  of  rain,  and,  on 
the  whole,  had  a  cool  and  pleasant  drive  till  I  reached  Jeniadarhat,  which  is  j| 
miles  from  the  opposite  bank  of  the  river.  The  resthouse  aljemadarhat  was 
burnt  down  some  months  ago,  and  my  servants  rigged  up  a  small  godown  about 
16' X  8'  for  me  to  stay  in  during  the  night. 

*'  At  5  P.M.  came  this  terrible  earthquake.  I  invariably  sit  out  an  earthquake, 
as  I  have  always  thought  the  worst  is  over  before  one  has  time  to  get  outside  a 
house,  but  though  I  was  safe  enough  in  the  light  shanty  I  was  in,  I  had  to  rise,  as 
the  shock  seemed  never  ending  and  a  roar  of  ^ater  flowing  near  and  the  hum  of 
voices  compelled  my  geting  up.  The  villagers  were  panic-stricken  and  fleeing 
from  their  houses  to  the  Trunk  Road.  The  ground  I  at  once  saw  was  everywhere 
cracked  op,  sunk,  etc.  Behind  the  old  rest-house  is  the  termination  of  a  very  long 
bhiel.  It  was  a  wonderful  sighU  this  bheel.  The  water  rose  steadily  in  it,  and 
in  two  minutes  must  have  risen  at  least  twelve  feet  and  then  overflowed,  and  with 
this  overflow,  the  whole  country,  as  far  as  the  eye  could  see  on  each  side  of  the 
Trunk  Road,  was  one  sheet  of  water.  The  fact  being  that  from  all  the  innumera- 
ble cracks  water  had  gone  on  spouting,  and  that,  coincidentally  with  the  overflow 
of  this  bheel,  the  water  level  had  risen  to  the  same  height  all  over  the  surrounding 
country. 

**  In  addition  to  the  cracks  from  which  the  water  welled  up  carrying  the  sand 
with  it,  innumerable  jets  of  water,  like  fountains  playing,  spouted  up  to  heights 
varying  from  18  inches  to  quite  3I  or  4  feet.  Wherever  this  had  occurred,  the 
land  was  afterwards  seen  to  occupy  a  saody  circle  with  a  depression  in  its  centre. 
These  circles  ranged  from  2  to  6  and  8  feet  in  diameter,  and  were  to  be  seen  all 
over  the  country.  In  some  places,  several  were  quite  close  together;  in  others 
they  were  at  a  distance  of  several  yards  apart.    They  had  the  appearance  of 

2.  Assam  Government  report,  Appendis  V. 
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small  craters  I  have  heard  il  said  that  the  water  from  the  cracks  and  these  so* 
called  fountains  was  warm,  almost  hot,  but  this  must  be  due  to  some  one's  imagin- 
ation ]  I  had  to  wade  through  a  good  deal  of  water  whilst  the  water  level  was 
rising,  and  had  the  temperature  of  the  water  been  abnormal,  it  musthave  made 
itself  felt  to  me.  It  must  not  be  overloolced  that  the  country  had  been  water- 
logged days  before  the  earthquake  came,  and  that  it  must  have  been  this  water 
which  was  dnven  up  with  the  subsidence  of  the  land,  as  1  believe  the  quake  was 
due  to  a  subsidence, 

"fn  front  of  Jemadarhat  reslhouse  the  Garo  Hills  are  within  5  mites,  and 
behind  it  is  the  Brahmaputra  at  a  distance  of  not  more  than  3  miles.  The  Trunk 
Road  remained  above  water,  but  in  certain  portions,  where  it  had  subsided  from 
t  toa  feet,  the  water  flowed  across  it,  and  at  these  places  where  the  panic-stricken 
vill^ers  tried  to  run  towards  the  direction  of  Lakhipur,  which  is  12  miles  off  in  the 
Gauhati  direction,  the  poor  creatures  got  more  alarmed  than  ever,  for  they  found 
themselves  sprawling  about  in  the  water,  unable  to  realise  what  had  barred  their 
progress,  and  not  knowing  if  they  were  going  to  get  oat  of  it  again.  At  all  these 
gaps  or  places,  where  the  earth  had  subsided,  or  where  fissures  and  cracks  had 
formed,  the  rush  of  water  from  them  all  carried  with  it  an  immense  quantity  of 
sand,  and  this  was  what  barred  the  progress  of  these  panic-stricken  villagers. 
This  sand  had  a  particularly  quicksandish  feel  about  it,  but  fortuiiatelv,  as  a  rule, 
was  not  deep  on  the  portk>ns  of  the  road  that  had  subsided  near  the  resthouae. 

*'The  main  shock  seemed  to  me  to  have  lasted  nearly  six  minutes  but  perhaps 
in  this  I  am  wrong  and  perhaps  I  may  have  missed  a  cessation  and  taken  two  or 
more  shocks  as  one,  for  certainly  I  noticed  no  cessation.  It  seemed  as  though 
death  from  drowning  must  have  been  the  end  of  every  one  near  me.  Although 
the  shocks  went  on  being  repeated  incessandy  at  intervals  of  a  few  minutes,  the 
I  rise  in  the  water  ceased  after  halt  an  hour,  and  then  the  idea  present  to  one's  eye 
^  was  that  the  country  on  either  side  of  the  road  was  nothing  more  than  innumerable 
oandfifcurs'  of  difTerent  sizes,  such  as  are  met  with  in  the  Brahmaputra.  This 
meant,  of  course,  that  crops  were  considerably  covered  by  this  sand.  Most  of  the 
excavations  made  by  the  earth-cutters  annually  on  each  side  of  the  Trunk  Road 
to  enable  them  ta  throw  fresh  earth  on  to  it  have  been  filled  in  by  this  sand,  and 
the  Public  Works  Department  will  not  have  quite  such  heavy  rates  to  pay  for 
earth- cutting,  as  the  leads  will  be  compHratively  short  when  they  begin  work 
again ;  but  for  this,  which  is  really  no  advantage  to  speak  of,  the  loss  to  the  pro- 
vince must  be  enormous. 
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IlitfiAflelves  from  the  sand  and  water,  which  but  a  few  minutes  before  was  their 
pacing  ground.  Villages  were  wholly  vacated  and  refuge  taken  wherever 
high  land  was  available.  Almost  everything  is  said  to  have  its  ludicrous  side, 
and  in  the  midst  of  confusion  and  the  marked  panic  of  the  villagers,  it  was 
amusing  to  find  my  cook  busy  at  work  preparing  dinner  within  half  an  hour  of  the 
occurrence.  There  he  was,  as  though  nothing  bad  occurred,  on  the  plinth  of  a 
burnt  down  hut  only  just  above  water  and  surrounded  on  all  sides  by  it.  I  was 
very  grateful  to  him  later  on  for  not  having  parted  with  his  wits. 

**  As  the  rush  of  water  ceased  and  order  was  to  some  small  extent  renewed, 
those  who  were  able  to  do  so  scrambled  to  their  huts,  and  brought  out  boxes  and 
bedditig,  etc,  etc,  and,  with  their  belongings,  encamped  on  the  road  for  the  night. 
At  abilit  10  it  struck  me  I  might  have  a  roof  over  my  head  if  I  got  near  the 
ferry  ghAt,  as  there  was  a  tumble-down  serai  there,  i  had  gone  half  a  mile  when 
two  men  assured  me  it  was  impossible  for  me  to  (progress,  owing  to  a  gap  of 
several  feet  in  the  road  through  which  water  flowed,  and  atross  which  they  had 
just  swum.  On  hearing  this,  I  returned,  and  with  my  bed  on  the  road,  attempted 
to  get  at  some  rest.  This  was  impossible,  with  the  continuous  and  oft-repeated 
seismk:  shocks  at  short  intervals,  which,  whenever  the  least  bit  strong,  were 
followed  by  a  wail  of  human  voices.  Cattle,  goats,  and  dogs  formed  a  goodly 
addition  to  those  resting  on  the  road  for  the  night.  At  2  a.m.,  a  sharp  drizzle  came 
down,  and  with  my  umbrella  over  my  face  and  a  rug  over  my  body,  I  weathered 
it  out  till  3  A.if.  when  my  rug  had  got  wet  through.  Close  by  was  the  resthouse 
well.  I  ftow  transferred  my  head«quarters  to  it,  by  wading  across  2  feet  of  water 
for  about  15  yards,  and  then  spread  a  dryish  rug  on  the  masonry  platform  of 
this  well.  The  well  and  its  platform  had  both  been  badly  cracked  at  5  p.m., 
and  the  water  had  risen  to  within  1 8  inches  of  the  surface.  It  had  a  thatched 
covering  over  it,  and  this  sheltered  me  during  two  hours  of  heavy  rain. 

**  At  5  A.M.  I  rose  finally,  having  had  a  fair  night's  rest  under  most  extraor- 
dinary circumstances.  Having  had  Choia  ffagree  at  6,  I  started  to  walk  back  to 
the  gh&t,  having  learnt  that  the  road  was  impassable  towards  Lakhipur.  As  the 
road  was  heavy  and  my  syct  had  developed  strong  fever,  I  left  him  the  trap  to 
drive  in  slowly.  The  whole  Trunk  Road  from  Jemadarhat  to  ferry  ghiit,  which 
I  had  seen,  had  cracks  running  along  it,  which  were  in  some  instances  over 
100  feet  long ;  in  others  the  earth  had  subsided  for  a  similar  distance,  and 
then,  again,  transverse  cracks,  depressions,  etc.,  existed  all  along  the  road 
at  distances  of  a  few  feet  for  miles ;  the  same  thing  seemed  to  have  occurred 
•ff  the  road  side.  The  villagers  stated  that  they  had  lost  the  grain  they  had 
stored  in  their  houses.  On  arrival  at  the  ghiit,  it  is  scarcely  necessary  to  say  it 
was  much  changed,  the  river  having  risen  considerably  since  4  p.m.  However, 
after  getting  almost  knee-deep  in  many  places  in  very  disagreeable  soft  sand, 
about  which  I  was  hopping  for  quite  half  an  hour,  I  got  safe  on  to  the  ferry,  and 
returned  to  Dhubri  at  9  a.m.  Shortly  before  reaching  the  ferry  ghAt,  my  syce  had 
sent  word  that  my  horse  was  drowned,  and  desired  me  to  return.  At  the  ghAc 
another  messenger  brought  me  word  saying  the  animal  was  well  stuck  in  soft  sand. 
So  1  sent  back  coolies,  and  much  to  my  9urprise,  found  her  none  the  worse,  and  at 
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Dhubri  by  5  P.M.  It  seems  she  had  got  into  the  sand  at  about  7  &.M.,  and 
remained  in  it  till  1  p.m.  There  were  several  gapstnthe  road  between  Jemadarhat 
and  the  ferry  ghiLt,  but  none  over  3  feet  wide,  and  the  ^ct  instead  of  exercising  a 
little  care  when  having  to  go  off  the  road,  look  the  shortest  cut  possible,  with  the 
result  noted  by  me.  The  huge  gap  I  was  told  of  the  night  before  turned  out  to  be 
a  myth. 

"On  returning  to  Dhubri,  everything  was  as  I  had  pictured  it  at  5  p.h.  the 
previous  night.  The  town  is  in  ruins.  It  has  sunk  everywhere,  and  for  hundreds 
of  feet  in  a  stretch  it  is  cracked  and  fissured.  The  dispensary  (main  building') 
stands,  but  has  suffered  much.  It  is  built  on  iron  pillars,  and  its  brick  walls  are 
only  about  13  feet  high  and  a  feet  thick;  above,  its  walls  are  lath  and  plaster. 
Hence  the  reason  it  has  stood.  The  cutcherry,  the  forest  house.  Local  Board 
bungalow,  circuit-house,  the  club,  telegraph  office  and  telegraph  signallers' 
quarters,  and  the  Gaurlpur  zamindars' house  stand,  also  Leslie's  and  Maher's, 
because  they  are  built  on  piles.  Of  course  the  plaster  and  lath  are  all  gone. 
The  treasury,  Jewell's  house.  Jolly's  house,  the  dik  bungalow,  the  Bijni  Hall,  two 
large  houses  at  the  immigration  dep6ts,  the  liquor  shop  in  the  bazaar,  and  the 
Muhammadan  musjid  and  my  house  still  stand,  but  are  dangerous  to  enter  and 
must  all  be  dismantled.  The  post  office,  HallifaX's,  Bogribari  lamindar's  house, 
the  high  school,  the  church,  the  Sikh  temple,  the  new  jail,  the  newly  built  magaiine, 
the  seven  newly  buitt  houses  in  the  dispensary  ground,  and  all  the  outhouses  of 
every  single  brick-built  house  are  down  flat.  So  far,  only  one  fatal  case  has  been 
reported,  and  this  a  native  child  about  5  yeara  of  age.  The  natives  are  all 
panic-stricken,  are  living  on  the  roads,  in  boats,  and  in  steamer  flats,  and  seem  most 
helpless  ;  the  better  classes  encamp  out  on  the  roads  during  the  night,  although 
several  of  their  houses  are  safe.  Several  of  them  have,  however,  suffered  consider- 
ably i  houses,  especially  those  built  on  new  reclaimed  land  near  the  Dhubri  back- 
'  water,  have  subsided  a  good  deal  towards  the  back. 

"  Just  beyond  the  front  of  the  old  jail  and  extending  for  nearly  a  quarter  of  a 
mile  below  it  and  in  the  direction  of  the  old  bazaar,  the  land  has  subsided  quite  5 
feet,  but  this  subsidence  is  not  so  great  as  we  get  further  away  from  the  jail ;  in 
fact  it  is  as  little  as  3  feet.  Unfortunately  for  the  station  this  subsidence  near  the 
jail  is  all  but  communicating  with  the  river,  and  runs  parallel  to  it  behind  a  row  of 
houses  situated  in  the  old  bazaar  on  the  river  bank.  As  soon  as  the  river  rises,  it  is 
certain  to  flow  into  this  subsidence  (which  already  has  water  in  it),  and  then  there 
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the  actual  depth  of  water  is  not  very  much.  This  I  have  verified  in  some  instances, 
and  it  is  further  proved  by  the  condition  of  the  public  wells  in  the  station.  Almost 
all  the  pits  have  been  levelled  up  by  the  sand  from  the  cracks^  The  new  bazaar, 
which  was  very  low  ground,  has  benefited  considerably  by  being  raised  with  this 
overflow  of  sand.  It  is  at  present  also  more  or  less  flooded.  This  sandy  overflow 
was  restricted  to  tow  lands,  more  especially  as  bunded  roads  showed  no  sand  or 
water  on  them,  till  after  they  had  subsided  to  a  certain  depth.  The  two  bunded 
roads  in  the  station,  vit,,  the  Bidyapara  and  Gauripur  roads,  and  the  two  or  three 
branch  roads  from  them,  as  also  the  3!  miles  of  road  on  the  opposite  bank  of  the 
river  over  which  I  had  travelled  on  13th,  have  all  subsided  a  good  deal  in  places, 
and  I  think  it  not  a  bad  comparison  to  make  when  I  say  they  are  not  at  present 
very' unlike  switch-back  railway  roads  on  a  small  scale. 

"  The  station  is  terribly  cracked  up  and  has  subsided  in  places,  but  this  is  not 
to  be  wondered  at,  more  especially  when  we  recollect  that  during  the  rains  it  is 
almost  an  island,  and  a  very  narrow  one  with  rivers  on  three  sides  of  it,  and  these 
rivers  forming  three  large  expanses  of  water  tearing  along.  The  front  of  this 
station  is,  as  you  know,  very  high  land,  a 'sort  of  hill,  and  on  rock.  This  portion 
was  not  cracked  up,  but  as  soon  as  we  reach  the  first  road  behind  the  front  or 
river  side  road,  which  is  low  land,  we  notice  terrible  cracks  in  the  ground  both  in 
numbers  and  extent,  and  this  road  is  not  more  than  300  yards  at  the  back  of  the 
river  side  or  front  road.  It  is  in  this  high  portion  of  the  station  that  natives  of  all 
classes  seek  refuge,  especially  as  the  evenings  begin  to  close  in.  I  am  told  the 
Brahmaputra  rose  several  feet  at  the  time  of  the  earthquake.  Next  morning 
when  I  crossed  it,  it  seemed  a  very  different  river  :  a  huge  sand-cAur  in  front  of 
the  station  had  disappeared  ;  it  seemed  in  full  flood,  drift  wood  was  plentiful,  and 
I  noticed  two  small  boats  (empty)  being  carried  along.  Bilasipara  and  Lakhipur 
zamindars'  country  residences  are  down  in  a  heap.  Gauripur,  Rupsi,  and  Bogri- 
bari  are  said  to  be  badly  damaged.  The  Joldoba  or  Gara  bridge  and  the  Krish- 
nai  bridge,  our  two  chief  iron  bridges,  are  reported  broken.  A  hill  between 
Goalpara  and  Agia  is  said  to  have  slid  forward  towards  the  road.  The  sdl  wood 
railing  of  the  bridge  near  Jemadarhat  is  quite  8"X  8',  and  it  was  split  rit^ht  across 
on  one  side.  On  13th  night  we  had  heavy  rain.  It  had  been  fairly  cool  till 
yesterday,  and  up  to  the  present  it  is  hot  again.  It  has  just  rained  for  five  minutes 
at  2  P.M.,  and  is  threatening  to  do  so  again.  But  what  about  these  continuous 
seismic  shocks,  which  are  really  strong  at  intervals  of  every  half  or  one  hour  7  A 
severe  one  again  at  2-40  p.m.,  and  so  on  all  day  and  night.  We  seem  to  have  had 
such  a  severe  beginning  and  so  much  of  it  since  that  we  are  quite  accustomec^o 
shocks  that  at  an  y  other  time  would  have  been  referred  to  as  very  serious, 

"  There  seems  to  be  almost  one  continuous  tremor  of  the  earth  going  on.  I 
attach  a  tabulated  statement  regarding  the  wells  in  the  station,  which,  I  think, 
will  be  of  great  interest.  It  will  reveal  how  they  have  filled  with  sand,  and  also 
that  those  which  had  not  filled  entirely  with  sand  filled  almost  to  overflowing  with 
water.  In  some,  both  sand  and  water  had  overflowed.  I  am  afraid  this  silting 
up  of  sand  in  wells,  tanks,  bheels  or  jheels,  and  I  presume  in  rivers,  will  mean 
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great  misery  ftn-  the  villagers  and  their  cattle  when  the  dry  season  sets  in,  and 
eapecially  if  we  have  a  long  drought." 

Though  not  within  the  area  of  the  seismic  vertical,  the  northern 
part  of  the  Maimansingb  district  lies  very  close  to  its  limits,  and 
from  here  we  have  an  account  by  the  late  Mr.  F.  Mercer,  Superin- 
tendent nf  Telegraphs,  who  writes  as  follows,  in  a  report  addressed 
to  the  Director  General  of  Telegraphs : — 

"On  the  i3th  June,  I  was  at  Attrabari  in  the  Mymensing  district,  with 
Mr.  Parrott,  Sub-Assistant  Superintendent.  We  were  stopping  in  a  timber  and 
matbuilding  belonging  to  the  zemindar.  Shortly  after  5  p.m.,  Calcutta  time,the 
biulding  began  to  iway  and  creak,  at  first  thinking  it  only  an  ordinary  slight 
earthquake  we  did  not  move;  but  as  the  motion  increased  we  went  out  into  the 
garden  i  we  had  gone  about  6ve  paces  from  the  house  when  the  ground  rocked 
violently  and  we  were  both  thrown  down,  as  we  got  up  I  located  at  my  watch  and 
noted  the  time  5  hours  6-7  minutes  p.m.,  Calcutta  time.  \^he  shock  appeared 
tocome  from  the  south-west,  and  on  looking  in  the  direction  we  saw  a  series  of 
earth  waves  approaching  over  the  surface  of  the  ground  exactly  like  rollers  on  the 
sea  coast,  as  these  passed  us  we  had  some  difficulty  in  standing,  but  none  o(  these 
waves  reached  the  intensity  of  the  first,  which  had  overthrown  us,  (it  was  raiiung 
at  the  time  and  I  had  no  compass  but  by  marking  a  clump  ol  trees  which 
appeared  to  be  direaly  in  the  line  of  the  waves  with  the  place  where  we  were 
standing,  and  checking  it  next  morning  at  sunrise;  1  estimated  that  the  ^ocks 
were  from  almoet  aouth-aouth-west  to  north- north-east^  As  the  waves  alxive 
[  referred  to  sublided  the  ground  began  to  crack  at  ourjeet,  a  long  crack  appearing 
;  at  right  aisles  to  the  general  direction  of  the  waves ;  not  knowing  what  further 
'  surprises  might  be  in  store  for  us  we  left  the  garden  and  went  out  on  to  the  main 
road,  as  we  reached  it  we  saw  a  series  of  "  geysers  "  springing  up  in  some  waste 
ground  on  the  far  side  of  the  road,  pouring  out  sand  and  water,  the  highest  of 
these  reached,  I  should  say,  about  4  feetj^  on  seeing  these  I  ran  back  into  the 
house  to  get  my  camera,  in  the  hopes  □(  getting  a  photograph  of  one,  alihoitgh 
as  it  was  raining  slightly  I  had  not  much  expectation  of  getting  a  good  result.  1 
had  some  diflicuUy  in  tailing  a  photograph  as  just  as  I  focussed  the  camera  on 
the  largest,   a  new  one  sprang:  up  al  my  feet  making  it  necessary  to  shift  rapidly. 
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**  Al  Isvarganj  office  I  found  that  a  large  crack  had  opened  in  the  ground 
through  the  office,  this  was  about  five  feet  wide,  and  as  far  as  1  could  judge 
about  [5  feet  deep  ;  portion  of  the  office  had  fallen  into  it-  At  Ramgopalpur  I 
found  the  office,  which  is  in  the  lower  floor  of  the  gate  house  of  the  zamindar's 
house^  was  merely  a  heap  of  bricks  and  plaster. 

*'  All  along  the  road  into  Mymensing  where  numbers  of  cracks  and  crevices, 
some  five  and  six  feet  wide,  rendering  the  road  impassable  for  wheel  traffic>  some 
of  these  had  opened  on  the  site  of  a  telegraph  post,  and  the  whole  socket  and 
subplate  could  be  seen,  the  post  leaning  up  against  the  side  of  the  crevice  having 
slipped  down  as  far  as  the  subplate  would  permit  it  to  go." 

From  the  same  district  I  have  also  a  copy  of  a  letter  addressed 
by  Babu  Hiranmoy  Mukerji,  of  Muktagachha,  to  the  Chief  Secretary 
to  the  Government  of  Bengali  which  I  reproduce  as  a  clear  and 
simple  account  of  the  earthquake,  besides  expressing  the  views  of 
an  important  section  of  our  fellow  subjects  on  the  cause  and  cure 
of  such  catastrophes  of  nature* 

**  I  have  the  honour  to  submit  the  following  report  on  the  effects  of  earthquake 
In  the  District  of  Mymensingh,  so  far  as  1  have  been  able  to  ascertain,  for  the 
information  of  Government ;  and  to  suggest  certain  measures  for  palliation  of  the 
mischief  done  by  the  earthquake,  for  such  notice  as  the  Government  will  be  pleased 
to  take  of  them. 

**  a.  The  shocks  were  tdt  at  5*6  in  the  afternoon  of  the  lath  June  1897,  and 
their  duration  was  about  five  minutes.  The  shocks  were  preceded  by  a  very  grave 
sound  like  that  of  a  distant  thunder,  and  were  to  violent  in  nature  that  the  earth 
swayed  like  a  cradle  with  all  the  contents  upon  it.  The  waving  of  the  house*tops 
above  and  the  rending  of  the  earth  below  were  something  very  awful  to  look  at. 
And  so  long  as  the  shocks  continued,  nobody  could  stand  on  his  legs,  but  had  to 
stoop  down  and  cling  to  the  earth  as  fast  as  he  could  with  both  the  hands  and 
feet,  expecting  nothing  but  death  at  every  moment.  After  the  first  quake  was  over 
there  was  a  temporary  rest.  Again,  from  the  evening,  the  shocks  were  felt  at 
quick  intervals  during  the  whole  of  the  night  and  the  whole  of  the  next  day.  And 
even  though  the  force  was  much  abated,  yet  it  was  sufficient  to  create  a  good  deal 
of  uneasiness  amongst  men  for  the  safety  of  their  lives.  From  the  second  day 
the  shocks  continued  with  gradually  less  and  less  force,  lasting  for  a  minute  or 
less,  rocking  the  houses  and  things,  and  either  making  the  smaller  cracks  in  the 
buildings  wider  and  wider,  or  causing  those  collapse  in  which  wider  cracks  were 
made  by  the  first  shock.  The  shocks  continued  up  to  20th  July  1897,  though  of 
course  their  number  and  force  lessened  every  day. 

*' 3.  As  the  effects  of  the  earthquake  are  generally  the  same  everywhere  in 
the  district,  I  think  it  is  unnecessary  to  describe  what  took  place  in  every  village 
and  town.  It  would  be  sufficient,  I  think,  to  give  a  general  summary  of  the 
whole. 
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"4.  Firstly,  as  to  the  surface  of  the  land.  The  ground  was  rent  into  two  by  the 
violence  of  the  shock.  In  many  places,  especially  in  those  on  the  eastern  side  of 
the  river  Brahmaputra,  large  gaps  were  made  from  4  to  10  feet  wide,  running  to 
a  considerable  length,  and  resembling  a  canal,  from  which  DOied  out  sands  and 
water  with  or  without  a  considerable  force.  Wrihin  a  short  time,  the  canals  so 
made  were  full  of  water  and  were  not  fordable  in  many  places.  In  some  places 
the  gaps  were  from  I  to  3  feet  wide,  and  their  depth  was  from  10  to  13  feet  or  more. 
Water  appeared  in  these  gaps  a  foot  or  less  below  the  surface.  In  one  and  the 
same  place  there  were  several  gaps  or  fissures  running  crosswise,  causing  the 
ground  heave  up  in  one  place  and  sink  in  another.  1  hese  gaps  sometimes 
passed  through  houses  and  buildings'  causing  the  former  to  sink  down  with 
posts  and  fencing,  and  leaving  the  thatches  only  above  the  ground,  and  the 
lalter  entirely  collapse.  In  some  places,  however,  the  houses  and  the  buildings 
were  only  partially  buried.  The  roads  in  some  places  sank  down  to  the  depth  of 
several  feet  and  in  uthers  heaved  up.  They  were  for  some  time  almast  impassable, 
and  up  to  this  day  very  many  nearly  remain  the  same.  In  some  of  the  com-fietds, 
these  gaps  took  the  form  of  little  rivulets,  which  ran  sometimes  to  a  considerable 
length,  while  in  others,  sands  were  deposited  to  such  a  height  that  the  jute  and 
the  early  rice  crops,  which  stood  over  them,  were  buried  togather  with  the  hopes 
of  the  cultivators,  which  were  fastened  upon  them.  In  one  place,  a  large  tree  sank 
so  deep  that  only  its  branches  remained  above  the  surface  of  the  ground. 

"5.  Theshock  oFtheearthquako  was  very  severe  inlhat  part  of   the  country 

which  lay  on  the  eastern  bank  of  the  river  Brahmaputra.    It   may  be   noticed 

here  that  that  part  of  the  country  has  got  an  infamy  marked  upon  it  because  of  the 

Pandavas  not  having  set  their  foot  upon  it.    There  as  well  as  in  few  places  on 

(henorthern  bankof  that  river,  some  shallow   rivers,  named  in  the   margin    were 

dried  up  and  sands  were  deposited  on  their  beds,  making  ! ' 

Kharia.  them  appear   like    roads     newly   made.     Many    tanks  & 

Ba^kha)"-  similarly  dried  up  and  sands  filled  up  the  hollow.    This  ■» 

Rangiha.  *>''  ^gain  cause  the  scarcity  of  dnnkmg  water  in  those 

Mahamarykhal,  places.     These  gaps,   fissures  and  the   deposit  of  sands 

Sh^me^'"etc.,  etc.  ""   »">«   ot  the   corn-fields  have  been   so   great  that  it 

would  be  impossible  for  long  time  to  come  to  bring  these 

fields  under  cultivatkin  again,  or  perhaps  never  at  all.     in  some  places  an  entire 

village  has  sunk,  and   water  come  upon  the  surface  to  the  depth  of  the  knee  or 

the  loins.    The  people  of  such  villages  had  to  pass  one    or  two  days  on  crafts 
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^  7.  Ln  some  places,  both. on  the  northern  as  well  as  on  the^  eastern  banks  of 
the  river  Brahmaputra,  coal,  burnt  sands  and  other  substances  came  out  of  the 
earth  along  with  sands  and  water.  The  samples  which  1  have  collected  are  sent 
herewith  in  a  separate  box. 

*'8.  Several  persons  reported  to  me  that  they  have  seen  smoke  come  out  of 
the  ground  in  a  certain  locality  on  the  eastern  bank  of  the  river  Brahmaputra 
opposite  Begoonbary,  which  is  on  the  northern  bank,  and  that  the  place  from 
which  the  smoke  came  out  appeared  to  be  very  hot. 

Fulpar,    Gaira    Hat-  "9.  The   names  of  some  of  the   places,  where  the 

l?,^cfia^r*  nSSL*',  ^mX      cl'anffes  described  above  took   place  are  noted   in  the  . 

danga,  Shirtha,  Dhamna,      margin, 
etc.,  etc. 

Houses  and  Buildings. 

"  lo.  Houses  were  buried,  but  were  seldom  levelled  to  the  ground.  The 
buildings  in  most  places  were  demolished,  causing  immense  loss  to  the  owners. 
In  the  town  of  Mymensingh  all  the  best  two-storied  buildings  were  destroyed  and 
also  many  of  one  story.  There  were  not,  however,  so  much  fissures  in  the  town 
as  in  other  places.  The  town  next  in  importance  to  Mymensingh  is  Muktagacha. 
It  is  in  complete  ruin.  Nearly  all  the  buildings  have  been  demolished,  and  the  few 
that  have  not  been  levelled  to  the  ground  have  been  so  badly  cracked,  both 
in  the  foundation  and  the  walls,  that  they  are  no  longer  fit  for  habitation  and  are 
likely  to  come  down  any  day.  The  fate  of  Muktagacha  was  also  shared  by  the 
villages  called  Ramgopalpur,  Gouripur,  Kalipur,  Durgapur,  Atarabari  and  some 
others  which  are  the  seats  of  the  zemindars  of  this  district.  These  have  literally 
been  rendered  houseless  and  have  been  dwelling  in  wretched  huts  temporarily 
made  for  the  purpose.  Many  there  are  who  have  been  literally  ruined  owing  to 
all  their  valuables  having  been  smashed,  damaged,  or  destroyed  by  the  fall  of  the 
buildings.  There  are  also  some  who  will  never  be  able  to  build  any  more.  The 
losses  of  the  zemindars  have  been  very  great. 

*'  II.  Although  the  earthquake  has  not  been  happily  attended  with  much  loss 
of  life  owing  to  its  having  taken  place  during  the  day,  which  is  certainly  a  mani- 
festation of  Divine  favour  to  mankind,  yet  it  has  caused  much  suffering  amongst 
all  classes.  The  upper  classes  I  may  say  have  suffered  the  most,  and  the  lower 
classes  the  least. 

'*  12.  This  partial  wreck  of  nature  was  for  some  time  very  awful  to  look  at  and 
distressing  to  ponder  upon.  Such  an  earthquake  with  such  dire  results  is  not 
within  the  recollection  of  the  oldest  man  living.  There  •  was  an  earthquake  in 
this  district  in  1292  B.S.,*  some  old  buildings  fell  down  and  some  were  cracked, 
but  there  was  no  change  on  the  surface  of  the  ground.  There  was  also  another 
earthquake  in  this  district  so  far  back  as  1254  B.  S.'  Its  effect  was  chiefly  felt  in 
the  village  named  Poyari,  where  there  were  several  fissures  of  small  dimensions. 
^  13.  According  to  Hindu  sastras,  such  unnatural  visitations  will  frequently 

>  A.  0»  1885.  >  A.  D.  iM- 
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appear  in  this  Iztter  frd  of  the  Kaliyuga  or  Iron  age.    What  have  alre&dy  ap- 
peared are  mere  prdndes.    The  real  ones  are  >*el  in  store. 

"  14.  The  earthquake  ia  commonly  calculated  by  the  Hindus  according  lo  a 
fcrmula  quoted  below  1 — 

"  If  you  get  fantine,  drought  and  plague  in  one  and  the  same  yesVf 
you  get  the  earthquake  that  year. 
This  calculation  has  indeed  been  verified. 

"  15.  Apart  from  the  physical  causes  which  make  the  geological  changes  in 
the  earth,  the  Hindus  believe  in  a  supernatural  agency,  which  excites  the  physical 
t^uMS  that  make  the  change.  That  supernatural  agency  is,  again,  put  to  action 
t(y  the  vice  or  virtue  of  man<(ind.  Changes  cauMng  woe  and  calamity  ar«  the 
result  of  the  former,  while  those  causing  happinesa  are  the  result  o(  the  latter. 
This  is  what  the  venerable  Garga  says  about  the  causes  which  produce  un- 
natural changes  in  the  earth,  the  middle  and  Lhc  upper  stiy  :— 

"  Unnatural  visitations  of  nature  are  caused  by  too  much  cove> 
tonsness,  untruthfulness    in    conduct    and  action,  alheism, 
impiety  and  impurity  in  thought  and  action.     Where  there  is 
constant  repetition  of  the  above,  the    gods  turn  their  back  to 
mankind   and  cause  unnatural   changes  in  the  earth,  in  the 
middle  sky,  or  the  regiun  of   clouds  and  lightning,  and  in  the 
upper  sky,  or  the  rejfion  of  the  sun  or  the  solar  system,  (or 
their  destruction. 
"  We  Hindus  Cully  believe  in  this  that  the  sin  of  mankind  has  been  causing  all 
these  woeful  changes,  and  that  unless  there  is  an  advance  made  towards  beatitude 
there  will  be  no  end  of  these. 

"  16.  As  remedial  measures  for  the  mischief  done  by  the  earthquake,  1  beg  to 
suggest  that  the  local  bodies,  f  10,  the  District  Boards  and  the  Municipalities,  may 
be  direciedlto  co-uperate  with  ihe  people  in  opening  up  the  rivulets  or  canals  which 
have  been  silted  up,  in  re-dlgging  Ihe  tanks  that  have  been  dried  up  and  filled  in 
with  sands  in  removing  the  deposits  of  sands  [rom  the  corn>fie1ds,  in  filling  up  the 
gaps  and  hollows  which  have  been  made  in  them,  and  in  repairing  the  roads 
which  have  been  rendered  impassable.  It  will  be  a  matter  of  consideration  (or 
the  District  and  I.ocal  Boards  whether  the  new  canals  opened  up  by  the  earth- 
quake should  beclosed  or  continued  to  any  natural  stream  which  may  be  close 
1  should   prefer  Ihe  latter  course,  as  they  will,  if  continued,  n 
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new  one»  he  may  do  so.  But  then  he  must  act  according  to  the  Tules  of  the  re- 
ligion which  he  has  newly  embraced.  It  would,  I  think,  be  an  abuse  of  toleration 
if  any  man  in  any  community  were  allowed  to  exercise  his  free  will  in  acting  or 
not  according  to  the  religious  tenets  of  the  community  to  which  he  belongs.  This 
state  of  things  brings  on  anomally  in  society  and  impurity  in  action. 

**  i&  And  secondly,  Jagna  should  be  made  according  to  the  rule  of  t^e  Vedas. 
And  in  order  to  enable  one  to  celebrate  the  Jagna  it  is  necessary  that  the  State 
should  make  some  assignment  in  land  to  the  learned  aad  pious  Brahmans  in 
selected  localities,  who  will  perform  the  Jagna  as  often  as  the  assets  of  the  land  so 
assigned  will  allow  them  to  do.  As  Hindus,  we  firmly  believe  that  the  calamities 
which  have  been  threatening  India  will  be  completely  warded  off  by  this  means. 

*'  ig.  I  earnestly  solicit  that  our  good  and  kind  Government  will  be  pleased  to 
give  such  consideration  lo  my  suggestions  as  it  may  think  proper." 

The  town  of  Kuch  Bihar  was  within  the  area  where  the  earth- 
quake  reached  its  greatest  destructive  power  and  probably  not  far 
removed  from  the  region  of  the  seisnnic  vertical.  From  this  place 
we  have  the  account,  written  by  Mr.  D.  R.  Lyall,  C.S  I.,  Superintend- 
ent of  the  State,  to  the  Chief  Secretary  to  the  Government  of  Bengal, 
on  28th  June  1897:^ 

"3.  In  a  matter  like  this,  personal  experience  is  generally  more  valuable  than 

generalities,  so  I  record  my  personal  experience  of  the  earthquake  itself.    I  had 

gone  to  the  Palace  and  had  looked  on  at  the    crowd   and  seen  that  all  was  going 

on  smoothly  and  then  left  at  about  a  quarter  to  five,  going  out  by  the  northern 

gate*  the  main  or  eastern  gate  being  closed  for  that  day  for  carriages.     I  drove 

round  by  the  outside  of  the   Palace  and   turned    eastward   in  front  of  the  main 

entrance  to  go  to  m>  house,  when,  after  going  about  aoo  yards,  I  became  aware 

of  a  great  noise  in  the  corrugated  iron  sheds  at  the  side  of  the  road  and  almost 

at  the  same  time  saw  a  large  two-storied  house  about  50  yards  ahead  of  me 

subside  and  crumble  away.    I  pulled  up  and  now  became  for  the  first  time  aware 

of  the  shaking  of  the  earth.    I  had  not  felt  it  while  driving,  and  I  see  from  the 

papers  others  have  had  the  same  experience.    As  I   pulled  up   a  large  fissure 

opened  in  the  road  just  in  front  of  my  horse,  a  second  under  my  buggy  and  a  thh-d 

close  behind  me,  and  others  were  visible  at  further  distances.    The   road  between 

where  I  was  and  the   Palace  main  gate  had  been  nearly  clear  of  people  but  at 

once  the  crowd  poured  out,  shouting  that  the  Palace  was  falling,  and  I  accordingly 

turned  back  and  found  the  Palace  more  or  less  in  ruins,  but  the  Maharajah  and 

his  family  and  household  were  all  safe  with  one  exception.     This  man  was  struck 

badly  by  the  falling  bricks  and  was  taken  to  the  Military  Hospital  where  he  died. 

Several  more  sepoys  and  servants  were  slightly  injured,  but  there  was  only  this  one 

fatal  case  in  the  Palace.    Up  to  this  time  I  had  heard  no  sound  of  the  earthquake, 

but  as  I  took  leave  of  the  Maharajah  to  go  and  see  how    my  own  house  and 

family  had  fared,  there  was  a  rumblmg  noise  from  the  earth,  and  sand  and  water 

rose  up  from  many  of  the  fissures.    In  one  place  I  taw  it  certainly  rising  two  feet. 
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This  waa  after  the  shocks  had  ceased,  but  in  other  places  notably  all  round  my 
house,  the  sand  and  water  appear  to  have  come  out  with  ths  Rrst  shock.  It  certainly 
did  not  do  so  in  the  Palace  compound.  I  then  drove  to  my  house,  nearly  two 
miles  off  and  found  the  road  Tull  of  fissures  aod  crachs  and  every  pucka  house  I 
passed  more  or  less  injured.  The  worst  collapse  was  the  '' Chottakuti,"  the  fall 
of  which  1  have  already  described.  This  house  being  on  the  line  of  road  taken  by 
the"Taicias,"a  number  of  people  were  in  it  looking  at  the  tamasha,  and  five 
persons  were  killed  by  its  fall.  The  whole  loss  of  lifie  was  eight  persons,  one 
patient  in  the  hospital  being  killed  by  the  fall  of  the  roof  and  the  firewatchman 
on  the  Jubilee  tower  having- fallen  with  it.  This  man  lived  for  twodays  in  spite 
of  the  helghtfrom  which  he  fell.  These  two  with  the  five  in  the  "Chottakuti," 
and  the  one  in  the  Palace,  were  the  only  fatal  cases,  and  wonderfully  tew  persons 
were  injured.  This  is  due  to  the  offices  all  being  closed  and  to  the  population 
being  to  so  large  an  extent  out  in  the  open  air.  I  arrived  at  my  own  house  to  find 
it  absolutely  in  rains  and  all  round  it  water  and  sand  which  had  been  vnmited 
from  the  ground.    The  fissures  here  were  much  larger  than  near  the  Palace." 

Outside  the  area  of  the  seismic  vertical  the  accounts  of  the  earth- 
quake all  agree  in  representing  the  motion  as  largely  an  undulatory 
one,  and  inmany  cases  the  presence  of  visible  earth-waves  is  re- 
corded. Beginning  with  the  Assam  Valley  I  may  quote  the  account  of 
Mr.  A.  E.  Shuttleworth,  District  Superintendent  of  Police,  who  was 
in  camp  ID  the  Mangaldai  Subdivision  at  the  time.  He  writes,  under 
date  t6th  August,  in  an  oflicial  report  to  the  Deputy  Commissioner 
of  Darrang  as  follows  :^ 

"On  the  lath  June  1897  my  wife  and  I  were  sitting  on  the  verandah  of  the 
Chatgari  resthouse  waiting  for  a  slivht  shower  of  rain  to  stop.  At  5-13  p.m. 
we  were  suddenly  startled  by  a  very  vivid  dash  of  lightning  followed  by  a 
tremendous  crack  of  thunder.  Al  the  same  time  the  bungalow  began  to  tremble 
slightly.  This  i  at  first  put  down  to  the  thnnder,  but  as  the  trembling  motion 
began  to  increase  I  cried  out  that  it  was  an  earthquake.  The  motion  began 
getting  more  and  more  violent,  and  as  the  timbers  all  began  to  crack  and  the 
indah    floor   to     spill    under   our   feet   1     hur  '    "  "  .■>■--■ 
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was  one  mass  of  cracks,  the  roof  began  to  leak  badly  all  over,  and  the  whole 
bungalow  had  settled  down,  so  that  we  could  not  shot  any  of  the  doors  that  were 
opened  nor  open  the  doors  that  were  shut.** 

Captain  P.  R.  T,  Gurdon/  Deputy  Commissioner  of  Kamrup,  who 
was  in  camp  at  Nalbari — a  plkce  which  may  have  been  within  the 
area  of  the  seismic  vertical,  and  was  certainly  close  to  it^ — reports 
that  earth-waves  were  distinctly  visible  from  the  rest  house  compound, 
which  is  situated  close  to  a  large  pat  ha  r  or  series  of  rice-fields.  The 
waves  could  be  seen  following  one  another  at  intervals,  the  ahu  rice 
falling  and  rising  as  the  waves  progressed.  On  subsequent  enquiry 
Captain  Gurdon  stated  that  he  could  not  recollect  the  length  of  these 
wa^es,  but  that  their  rate  of  travel,  though  decidedly  faster  than  a 
man  could  walk,  was  not  so  fast  as  he  could  run.  We  may  take  it  that 
the  rate  must  have  been  between  two  and  four  feet  per  second. 

From  Kohima,  in  the  Angami  Naga  Hills,  an  account  by  a  corre- 
spondent to  the  Englishman  Newspaper,  may  be  reprinted  :— 

*' Notwithstanding  a  delay  which  was  inevitable,  an  account  of  the  earthquake 
in  this  part  of  Upper  Assam  may  prove  not  uninteresting.  First,  as  to  Kohima, 
which  is  a  little  known  Civil  and  Military  station  4,080  feet  above  sea-level, 
standing  in  the  midst  of  the  wild  Naga  range  on  the  Eastern  Frontier  of  Upper 
Assam,  distant  92  miles  north  from  Manipur  and  123  miles  south  from  Nigriting 
(or  Shikarighat)  steamer  ghat,  on  the  Brahmaputra.  It  is  in  the  same  latitude 
with,  and  some  200  miles  east  of,  Shillong. 

"On  the  12th  instant  at  about  5-20  p.m.,  local  time,  we  felt  the  first  shock  of 
the  earthquake,  whose  violence  made  us  somehow  feel  anxious  in  particular  for 
Shillong  and  Calcutta,  where  we  knew  the  numerous  masonry  buildings  would 
have  but  little  chance  if  the  earth-waves  were  even  half  as  severe  as  we  had 
experienced.  1  was  sitting  in  my  garden,  facing  east,  just  outside  my  bungalow 
examining  a  flower-bed,  when  I  suddenly  began  to  feel  dizzy  from  an  apparent,  at 
first  gentle,  fore  and  aft  movement.  Not  having  been  well,  I  naturally  conceived 
1  was  going  off  into  a  f aitit  and  instinctively  pressed  my  forehead  and  eyes  with  my 
hands;  but  the  peculiarity  of  the  motion  and  vibration  of  the  ground,  both  of  which 
became  more  violent,  immediately  acquainted  me  with  the  fact  that  it  must  be  an 
earthquake,  and  this  was  at  once  confirmed  by  hearing  the  creaking  of  the  wood 
and  iron  work  of  my  bungalow  behind  and  observing  the  consternation  and 
alarm  of  my  sister  who  then  rushed  out  of  the  verandah,  and  of  all  the  servants 
who  also  very  speedily  vacated  the  house.  On  rising  and  looking  around  I  dis- 
covered the  whole  house  bodily  rocking — I  should  say  at  least  six  inches  each  way 
from  the  perpendicular  at  the  highest  point  (25  feet) — distinctly  east  and  west  (not 
to  be  too  particular),  the  exact  situation  width-wise  of  the  house  being  south-east 
and  north-west,  and  my  sister  staggering  about  trying  to  maintain  her  equili- 
brium, almost  believing  that  the  world  was  coming  to  an  end  ;  while  the  cook  in 
horrified  alarm  rushed  forth   from  his  kitchen  repeating  aloud  the  Kulma  and 
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calling  out  that  there  was  something  wrong  with  th«  bungalow  roof.  I  doubt 
if  he  felt  re-assured  when  1  told  him  it  was  not  the  roof  but  the  world  that  was 
■halting.  The  other  servants  could  not  keep  their  feet  but  fell  flat  to  the  ground, 
while  our  puppy  kept  running  about,  watching  the  hou^e  and  barking  furiously. 

"  I  suddenly  recollected  that  certain  valuable  ornament*  on  the  drawing-room 
mantelpiece  would  be  Inevitably  destroyed,  and  tried  to  make  a  rush  to  save  theni 
but  was  taken  aback  to  discover  I  could  not  at  first  move,  and  staggered  viulently 
east  and  west  as  if  on  board  a  boat  in  a  heavy  swell.  Eventually  as  the  height 
of  the  wave  diminished  1  forced  my  way  into  the  house,  dodging  the  orchids 
hanging  in  the  verandah  which  were  plunging  violently  to  and  fro  (east  and 
west)  in  a  most  extraordinary  manner  about  two  feet  from  the  perpendicular 
each  way.  Fortunately  not  2  single  ornament  had  as  yet  suffered)  and  I  had  lime 
to  remove  them  all  to  the  ground.  The  two  mantelpieces  of  the  house  faced  back  to 
back,  north-west  and  south-east,  that  is,  in  the  direction  opposite  to  the  wave,  as 
did  most  of  the  shelves  and  brackets,  and  consequently,  with  the  exception  «f  one 
small  vaselaid  prostrate,  net  a  single  article  was  thrown  down  during  the  whde 
period  of  the  wave.  1  afterwards  discovered  slight  cracks  extending  upwards  in 
both  chimneys,  and  the  clock  on  one  of  tbeni,  whose  pendulums  swung  north* 
east  and  south-west,  stopped  short  at  5-20  r.M.,  local  time.  There  were  no  rum- 
blings or  explosion  sounds.  The  appreciable  part  of  the  quake  lasted  some  five 
minutes  as  ascenained  afterwards  from  the  Telegraph  Master,  who,  working 
before  his  dock,  had  at  once  noted  the  hour,  n's.,  from  5-34  ta  5-99  p.h.,  local 
time,  or  16-34  to  1(^30  {■'.«„  4-34  to  4-30  P.K.)  Madras  ttme.whichis  57  minutes 
behind  Kohima  time. 

"  After  the  shock  had  passed  we  had  time  to  re-enter  the  vorandah  (which  I 
had  again  vacated)  and  sit  down  and  pass  soiiie  remarks  about  the  visitation, 
when,  some  Four  or  five  minutes  later  I  guess,  we  heard  several  loud  explosions 
like  guns  in  the  direction  of  the  fort  three-quarter  of  a  mile  north-west  which  I 
remarked  must  be  either  the  mountain  battery  [»-acti«ng  or  bombs  going  oft  in 
honour  of  the  Mohurnim." 

Southwards  of  Kofaima,  Major  H,  O'Donnell,  D.S.O.,  writes  from 
KuDJukphuI  in  Manipur  : — ' 

"  The  earthquake  gave  no  warning  of  its  coming.  It  b^an  suddenly  and 
severely,  and  lasted  I  should  say  some  four  minutes.    At  first  the  motion  was  an 
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*  The  first  tremor  was  brought  to  my  notice  by  a  servant,  but  after  he  had 
pointed  it  out  it  was  some  seconds  before  1  noticed  any  motion.  The  motion 
then  became  rapidly  more  severe,  and  I  went  out  on  the  lawn.  By  the  time  that 
I  reached  it  the  motion  was  sufficiently  severe  to  render  standing  very  difficult,  if 
not  impossible.  The  ground  seemed  to  undulate  from  south  to  north.  I  momen- 
tarily expected  the  cracking  of  the  straining  timbers  to  be  followed  by  a  crash  of 
their  breaking,  but  just  as  severe  damage  seemed  inevitable  the  undulating 
motions  decreased  in  severity,  and  were  succeeded  by  what  seemed  to  me  a  tilting 
motion  from  nonh  to  south.*' 


Turning  now  to  the  south,  the  earthquake  was  observed  at  Silchar 
by  Revd.  O.  0«  Williams,  D.D.,  who  had  just  arrived  from  Karimganji 
and  was  at  the  time  in  the  mission  bungalow.    He  writes  :<— 

^  The  first  thing  I  noticed  was  a  wave-like  motion  passing  under  my  feet,  some* 
thing  like  the  swing  of  a  suspension  bridge.  Two  or  three  waves  of  this  kind 
were  felt,  there  was  a  perceptible  interval  between  the  crest  of  one  wave  and  that 
of  the  next,  and  I  just  felt  the  ri»ng  and  falling  of  the  ground,  an  earthquake 
being  far  away  from  my  thoughts.  Direction  from  north  to  south.  The  second 
thing  I  noticed  was  that  the  canvas  ceiling  was  thrown  into  undulations,  the  waves 
travelling  from  north  to  south,  the  house  being  situated  exactly  facing  the  four 
points  of  the  compass.  The  progress  of  the  waves  from  one  end  of  the  room  to 
the  other  could  be  followed  by  the  eye,  and  my  impression  is  that  the  length  of  the 
ceiling  was  thrown  into  about  five  or  six  waves. 

''Although  more  than  surprised  at  this  phenomenon  my  thoughts  were  with 
the  rats,  which  1  believed  were  then  running  about  distractedly  on  the  moving 
eeiling.  I  confess  I  was  wondering  how  the  rats  could  cause  such  waves,  and 
was  coming  to  the  conclusion  that  some  much  bigger  animal  was  required,  when, 
in  the  third  place,  the  walls  claimed  my  attention.  A  peculiar  shaking  and  sound 
of  knocking  b^an,  when  the  shaking  and  knocking  suddenly  increased  in  violence 
and  I  saw  the  north  end  of  the  room,  where  I  had  located  the  knocking  sound, 
give  one  great  bulge,  the  convexity  being  to  the  south.  '  Earthquake '  now  flashed 
mto  my  mind  *  ^,  I  backed  promptly  into|the  verandah  and  got  *  *  a  few 
yards  from  the  house  when  the  wave  motion  made  it  very  difficult  to  stand. 
My  impression  at  this  moment  was  very  far  from  the  simple  one  at  the  b^inning. 
It  was  the  feeling  of  a  boat  tossed  in  a  choppy  sea,  i.e.,  a  crossing  of  great  waves. 
These  waves  were  certainly  not  from  north  to  south,  it  is  quite  possible  that  the 
most  pronounced  were  from  the  north-west." 

Dr.  Williams  describes  his   movements  and  impressions  during 
the  earthquake  and  continues : — 

*•  I  have  mentioned  the  above  details  that  you  may  form  a   conception  how  long 
it  lasted.    It  seemed  five  or  six  minutes ;  but  half  an  hour  or  so  after  the  shock 
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when  the  place  was  cleared  out  a  little  and  we  were  able  to  sit  down  and  talk  over 
things,  I  took  out  my  watch,  went  over  my  observations  and  thoughts  letsurely> 
allowing  sufficient  time  for  everything,  and  had  finished  the  recital  in  si  minutes. 
I  do  not  believe  that  from  beginning  to  end  the  earthquake  could  have  exceeded 
three  minutes  by  any  possibility. 

"  I  have  only  to  add  that  during  the  ^eat  earthquake  I  had  only  the  sensation 
of  undulating,  not  of  shock." 

No  noise  was  heard  by  Dr.  Williams  himself,  but  others  in  Silchar 
noticed  a  sound,  like  that  of  a  traction  engine,  just  before  the  shocki 
and  one  person,  who  was  seated  in  a  chair  at  the  time,  noticed  the 
birds  rising  suddenly  from  the  trees  before  he  himself  felt  anything. 
This  was  probably  due  to  their  greater  sensibility  to  the  small  preli- 
minary tremors  not  felt  by  human  beings. 

In  the  accounts  from  Chittagong,  besides  clear  evidence  of  an 
undulatory  movement  of  the  ground,  we  find  a  feature  repeated  in 
the  accounts  from  many  other  places.  The  shock  nas  divided  into  two 
distinct  phases,  and  the  direction  of  the  movement  was  different  in 
the  two.  Mr.  J.  W.  Thnrlow,  Sub-Assistant  Superintendent  of  Tele- 
graphs, writes  :— 

"  When  the  first  shock  ivas  felt  1  was  seated  facing  east,  and  suspected  the 
shock  came  Erom  my  left.  On  hurrying  out  1  faced  the  north  and  felt  a 
tendency  to  fall  forward.  The  motion  was  slight  but  very  regular  from 
north  to  south  for  one-and-a-half  minutes,  when  suddenly  a  peculiar  quiver 
was  felt  which  made  me  think  the  direction  hadchangcd.  Acting  on  this  sup- 
position I  faced  the  west,  when  I  found  I  could  scarcely  keep  my  equilibrium, 
having  a  tendency  to  fall  forward.  The  shocks  now  came  from  west  to  east,  and 
were  far  greater  in  intensity  than  those  from  north  to  south.  They  were  regular, 
but  few  were  more  severe  again.    The  severity  of  the  shocks  did  not  end  giadually 
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earthquake,  and  I  ran  out  on  the  terrace  overlooking  the  portico  of  our  College : 
time  about  5  p.m.  Everything  around  was  in  motion,  but  my  attention  was 
chiefly  attracted  to  the  energetic  oscillations  of  a  heavy  stone  cross,  capping  the 
front  of  the  College.  It  was  clearly  moving,  and  the  whole  portico  as  well,  almost 
due  north  and  south  ;  a  little  statue  in  my  room,  placed  on  a  bracket  attached  on 
the  north  wall,  fell  and  rested  slanting  against  the  wall.  These  two  facts  point 
evidently  to  a  first  and  strong  oscillation  north  and  south  coming  apparently  from 
the  south. 

'*  Finding  the  terrace  on  which  we  stood  unsafe  I  went  down  a  spiral  staircase, 
and  had  to  prop  myself  in  doing  so  for  fear  of  losing  my  balance.  Once  down- 
stairs in  the  open  I  looked  again  at  the  cross,  but  it  was  then  still,  the  oscillation 
had  been  twisted  to  the  east :  1  found  in  my  laboratory  afterwards  two  clear  indica- 
tions of  that  twist  in  two  or  three  heavy  objects  which  had  pivoted  from  south  to 
east.  In  my  opinion  the  strongest  and  most  lasting  vibration  was  that  from  east 
to  west,  as  evidenced  by  a  tall  book-case  placed  against  the  east  wall  in  my  room, 
being  found  to  have  fallen  direct  towards  the  west,  when  I  returned  to  my  room. 
Besides,  all  the  cracks  in  the  College  buildings,  in  St  Thomas'  Church,  and  the 
Loretto  Convent  show  unmistakable  signs  of  being  the  result  of  an  east*westerly 
vibration. 

"  I  have  a  conclusive  proof  that  the  last  vibration  was  in  that  direction,  in  a 
maxim  barometer  suspended  on  gimbals,  found  to  be  oscillating  due  east  and 
west,  as  was  also  a  heavy  pendulum  in  one  of  my  glass  cases.  Several  heavy 
objects  had  also  been  thrown  down  in  the  same  direction.  The  time  this  unex- 
ampled earthquake  lasted  is  variously  estimated  from  4  to  6  or  over  7  minutes.  It 
may  be  interesting  to  know  that  a  slight  but  distinct  shock  was  felt  yesterday  night 
at  about  9-30  and  another  one  at  about  8-30  a.m.  this  morning.  1  he  barometric 
curve  of  yesterday  is  almost  a  straight  line,  showing  an  almost  stationary  state  of 
the  atmosphere.'' 

M.  Paul  de  Burei  Assistant  Agent  of  the  Messageries  Mari- 
times,  writes  that  he  was  wakened  by  a  succession  of  very  rapid 
vibrations  which  were  vertical  as  it  seemed  to  him ;  then  came  some 
slight  oscillations  from  north  to  south,  and  it  was  only  then  that  a 
noise  as  of  a  heavily  laden  cart  was  heard.  These  oscillations  in- 
creased til)  pieces  of  plaster  and  masonry  began  falling  down,  and  he 
went  outside  the  house.  From  here  be  saw  that  the  house  was 
oscillating  in  a  south-east  to  north-west  direction,  and  the  oscillations 
were  unequal  as  it  always  seemed  as  if  the  house  would  fall  to  the 
west  rather  than  to  the  east.  A  lightning  conductor  rod  was  set  in 
motion  and  swung  some  20^  on  either  side  of  the  perpendicular,  in  a 
direction  parallel  to  Park  Street* 
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From  an  account  of  the  earthquake  received  from  Dr.  Pyari  Lai 
Mnkhopadhyaya,  I  extract  the  following  pasBage,  which,  it  will  be 
seen,  agrees  with  the  Revd,  Father  Lsifont*5  account  in  discriminat- 
ing two  distinct  phases- of  the  shock  :-^ 

"The  first  shocks  or  vibratory  motions  were  indiscriminate  or  all  sided.  No 
particular  direction  could  be  marked.  They  were  rapid,  say  some  seven  or  eight 
per  second.  Then  followed  the  undulatory  motioni  as  the  rolling  of  a  mighty 
ship.  They  were  regular,  keeping  even  time  like  the  movement  of  a  pendulum, 
telling  the  second  as  exactly.  The  motions  first  were  from  north  to  south  as  we 
ordinarily  call  it ;  but  the  exact  direction  was  from  north-east  to  south-west  of  the 
compass.  I  oould  make  it  out  by  a  hanging  lantem  and  a  cage  of  a  canary 
bird.  Both  of  them  began  to  swing  from  north-east  to  south-west.  The  rope  to 
which  the  lantem  was  hung  measures  8  feet  5  inches.  When  the  shocks  were 
severe  it  swung  about  3)  feet  on  either  side,  that  is  descnbed  an  arc  of  about  7  fseb 
As  these  shocks  seemed  about  to  subside,  some  rude  and  fearful  jerks  wsne  fdt,  the 
lantem  and  the  cage  moving  from  north-west  to  south-east,  so  the  direction  of 
those  jerks  mun  have  been  from  due  west  to  east,  or  the  lantern  and  the  cage 
could  not  have  m«ved  in  the  direction  (north>west  to  south^astj  that  they  did. " 

As  an  instance  of  how  difficult  it  is  to  tell  the  direction  of  move" 
ment  of  the  wave  particle  from  mere  sensations  or  the  movements 
impressed  on  objects  of  such  composite  character  as  houses,  I  may 
quote  from  Mr,  Hayden's  note  :— 

"  The  cracks  may  be  divided  into  two  sets,  those  running  north  and  south  and 
those  running  east  and  west ;  the  former  would  be  due  to  the  fact  that  the  structures 
vibrated  east  and  west,  and  the  latter  to  vibrations  at  r^t  angles  to  that  direction ; 
and  during  the  earthquake,  the  csistenceof  thesevibrations  wasclearly  seen,  A 
good  example  is  found  in  No.  13  Theatre  Road,  which  house  1  was  carefully 
watching  throughout  almost  the  whole  duration  of  the  earthquake.  When  I  reached 
the  compound,  a  few  seconds  after  the  first  tremor,  1  found  that  the  house  was 
violently  vibrating  east-west,  and  noon  a  crack  opened  through  the  house  from 
north  to  south,  and  the  western  third  of  the  house  could  be  seen  vibrating  outwards 
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blher  accounts.  The  fact  is  that  buildings  constructed  like  those  of 
Calcutta  can  only  swing  in  two  directions,  and  the  local  varia- 
tions in  the  nature  of  the  earthquake  motion,  which  are  now  suffi- 
ciently  well  established,  combined  with  small  variations  in  the  orienta* 
tion  of  different  hoases,  would  be  sufficient  to  account  for  either  of 
these  taking  precedence  of  the  other  in  different  localities. 

The  nature  of  the  motion  at  Calcutta  appears  to  have  been  ex- 
clusively undulatory  with  a  period  of  between  one  and  two  seconds^ 
Though  destructive  to  buildings  and  distinctly  felt  by  persons  walk- 
ing or  standing  on  the  ground,  it  was  quite  unnoticed  by  those  who 
were  driving  at  the  time^  their  first  intimation  of  anything  unusual 
being  the  sight  of  cracking  buildings  and  of  people  rushing  from  their 
houses,  unmindful  of  their  attire  in  their  anxiety  to  reach  a  place  of 
safety.  The  undulation  of  the  ground,  though  apparently  unnoticed 
by  horses  in  motion,  was  very  distinctly  noticed  by  bicyclists,  who 
were  unable  to  preserve  their  balance  and  found  themselves  com- 
pelled to  dismount  from  their  machines. 

At  Saugor  Island,  the  experience  was  similar  to  that  at  Calcutta. 
According  to  Mr.  R.  Gilbert,  Telegraph  Master,  an  unusual  disturb- 
ance of  the  sea  preceded  the  first  vibration,  the  direction  of  which 
was  from  south-south-west  to  north-north-east«  for  about  i  minute 
and  30  seconds  ;  this  was  followed  by  a  stillness  for  about  5  seconds, 
after  which  a  reaction  set  in  from  south-east  to  north-west,  lasting 
with  extreme  severity  for  4  minutes,  and  diminishing  in  force  gra- 
dually till  it  stopped  55  seconds  later. 

The  swaying  of  the  lighthouse  from  zenith  to  north-west  was 
noticed  to  be  greater  than  in  the  opposite  direction. 

From  the  neighbourhood  of  Panchkura,  in  the  Midnapur  District, 
I  have  received   an  important  account  by    Mr,  S.  M.   I .  Williams 
Assistant   Engineer   on  the    Midnapur-Calcutta   Railway,     which  is 
interesting    as  giving  some    idea   of   the   extent    of    the    undula- 
tion of   the   ground,  and   of  the  way  in  which  these   surface  waves 
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had  lengthened  out  from  the   comparatively   short   and  conspIcuouA 
waves  of  the  region  within  and  near  the  seismic  vertical  :-r 

"  I  wag  taking  levels  on  (he  railway  bank  about  a  mile  south  o(  the  village 
of  Panchkura,  and  was  about  to  take  a  reading  when  I  noticed  the  bubble 
oicillating,  and  I  at  first  thought  some  one  had  touched  the  legs.  Ins  or  10 
seconds  I  could  feel  the  bank  ihaking  to  and  fro  in  a  dirpclron  which  gave  me 
the  impression  of  being  from  south-sou [h-east  to  norlh-north-west.  Unfortunate- 
ly I  had  no  watch  with  me.  I  tried  to  get  the  exact  direction  of  ihc  waves  by 
luming  the  level  round  on  its  axis,  but  ihe  l^s  were  not  In  the  right  position. 
Stacks  of  bricks  near  me,  about  .i  feet  high,  were  shaking,  but  did  not  fall. 
The  shock  appeared  to  last  3  or  4  minutes,  but,  for  at  least  5  minutes  after  all 
shaking  had  apparently  ceased,  my  level  indicated  that  the  vibrations  were  stilt 
continuing,  and  at  this  point  1  put  away  the  level.  Towards  the  close  of  the 
worst  part  of  the  shock,  I  turned  the  telescope  to  the  stafl  being  held  about  150 
feet  due  east  of  it,  and  although  the  bubble  was  oscillating  most  erratically,  the 
level  and  the  staff  were  perfectly  motionless  relatively  to  each  other.  When 
I  got  baek,  it  was  4-4^  p.m.  by  Madras  time,  and  I  estimated  it  was  about  1 5  or 
30  minutes  after  the  earthquake.  I  also  set  up  the  level  to  test  roughly  at  what 
angle  it  had  been  tilted,  and  found  that  the  maximum  angle  during  the  great 
shock  was  o'  4S'  and  during  tha  lesser  oseiUatinn  afterwards  o^  i' ;  the  former 
angle  is  probably  inaccurate." 

From  Midnapnr,  Mr.  Davies,  Telegraph  Master,  reports  that 
th«  shock  commenced  with  a  rumbling,  and  the  cot  on  which  he 
was  lying  rattled  to  the  speed  of  it,  an  up  and  down  roll  such  as 
roold  be  made  with  a  signalling  key,  equalling  a  ten  or  twelve  word 
per  minute  pace.  This  roll  lasted  about  3  minutes,  and  as  it  passed 
eastwards  the  doors  rattled  to  the  kid  of  it  and  the  motion  changed 
to  an  undulating  south-north  one.  He  tried  to  rush  from  the  house 
but  had  to  bold  on  to  a  pillar  and  felt  distinctly  sea-sickish;  the 
ground  was  distinctly  billowy,  and  it  seemed  that  "  these  were  waves 
of  motion   going  forward   north  but  receding  south  on  the  forward 
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At  the  same  place.  Conductor  J.  W.  Turner  reports  that  he  timed 
tbe  earthquake  as  lasting  four  minutes.  The  mbtion  was  a  long  rolling 
dne,  siich  as  wbuld  be  felt  if  on  the  deck  of  a  ship  in  a  fairly  heavy 
sea.  The  circuit  bungalow  Was  cracked,  atd  a  piece  of  the  parapet 
tvhich  runs  east  and  West,  was  observed  to  swing  southwards  along 
a  crack  to  the  extent  of  about  g  inches.  The  southerly  movement 
is  said  to  have  taken  ^  or  10  seconds,  and  the  closing  again  more 
rapidly,  perhaps  5  or  6  seconds.  This  was  repeated  some  seven  or 
eight  times. 

This  slow  opening  and  closing  of  the  crack  corresponds  with  the 
information  I  have  received  elsewhere,  but  it  must  not  be  regarded 
as  the  period  of  the  earthquake  wave  ,*  it  more  probably  represents 
the  natural  period  of  swing  of  the  moving  portion  of  the  building; 

These  two  last-mentioned  places,  it  will  be  seen,  experienced  an 
tindulation  whose  direction  was  about  east-west  in  the  first  place 
and  subsequently  in  a  north-south  direction,  whereas  at  Calcutta 
and  Saugor  Island  the  reverse  is  said  to  have  been  the  ca^e. 

Passing  southwards  down  the  coast,  the  undulatory  nature  of  the 
movement  was  noticed  everjrwhere.  Almost  every  account  notices 
the  gentle  nature  of  the  movement,  which  was  generally  likened  to 
the  easy  movement  of  a  ship  iti  a  gentle  sea,  and  this  movement 
everjrwhere  produced  a  sensation  of  nausea  in  all  who  are  liable  to 
that  aflBiction  in  the  circumstances  to  which  the  earthquake  motion 
Was  likened. 

At  Bezwada,  Mr.  C.  Napier,  who  describes  the  earthquake  as  giv- 
ing rise  to  a  smooth,  slight  rocking  sensation,  with  slight  giddiness 
and  the  faintest  sensation  of  nausea,  noticed  that  certain  files  of 
papers  hanging  from  the  edge  of  a  table  oscillated  slowly  from  north 
to  south  for  about  two  minutes.  The  rate  of  oscillation  is  said 
to  have  been  slow,  the  period  being  about  once  in  two  seconds, 
certainly  not  so  quick  as  once  a  second. 

Returning  to  the  north,  we  find  the  same  undulatory   movement 
Da  (  35  ) 
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recorded  throughout  the  Gangetic  alluvial  plain  and  the  northern 
part  of  the  peninsular  rock  area.  From  Giridih,  Dr.  J.  A.  Dyer 
writes  : 

"On  turning  to  look  at  the  house  I  found  extraordinary  mo vementa  taking 
place  In  the  verandah  roof  supported  by  pillars,  which  movements  I  could  not 
detect  at  the  east  and  west  ends,  where  there  are  rooms  with  outsids  walls.  'I'hey 
(movements)  appeared  to  be  of  a  wavj  kind,  From  north  to  south  or  south  to  north 
and  moved  a  few  tiles  from  out  their  places  up  near  the  top  oi  the  rows  and  shot 
them  downwards,  by  what  looked  like  small  repeated  shoves,  to  the  distance  of 
5  tiles  length  in  two  cases,  and  6  tiles  in  one  case. 

"  I  could  see  most  distinctly  :he  heaving  motion,  and  compared  it  in  my  mind 
to  what  might  have  been  produced  by  an  elephant  under  such  a  roof,  if  he  had 
rubbed  his  back  against  it  from  north  to  south.  I  ought  to  state  that  my  bungalow 
stands  east  and  west,  and  has  a  pucca  roof  over  four  centre  rooms  running  east 
and  west  and  a  sloping  thatched  roof  with  country  tiles  over  the  thatch,  all  round 
the  four  sides,  which  tiled  roof  is  supported  partly  on  side  dressing  and  bathroom 
walls,  and  front  and  back  on  strong  double  pillars,  with  beams  on  them,  to 
support  the  rafters.  It  was  only  over  the  pillars  and  beams  that  the  movements 
could  be  detected  by  me.  I  carefully  look^  to  the  parts  supported  by  the  walb 
of  the  rooms  on  the  north  side  [I  was  on  that  side  only  during  the  eartbqake), 
but  was  unable  to  observe  movements  there.  We  stood  solong  in  the  sunshine, 
that  I  dreaded  a  sunstroke,  and  ran  for  shelter  and  shade  to  a  small  house  from 
which  i  observed  the  continued  movements,  and  I  alu)  observed  the  roof  of  a 
godown,  near  at  hand,  vibrating  upviardt  and  devttvards  only." 

At  Lucknow,  the  earthquake  is  said  to  have  commenced  with  a 
series  of  rapid  waves  like  a  choppy  sea,  which  gave  way  to  longer 
ones  resembling  a  heavy  swell.  The  former  are  said  to  have  lasted 
two  minutes,  the  longer  waves  (or  one  minute.  The  tall  column  of 
the  Martiniftre  swayed  backwards  and  forwards  on  either  side  qaite 
three  feet. 

From  Allahabad,    I    am  indebted  to  Mr.  R.  Warneford  for  some 
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tioii|  rising  about  i  inch  on  each  side  of  the  tub,  about  2*  feet 
6  inches  in  diameter.  Quarter  of  a  mile  away  Mr.  Aslett,  also  an 
Engineer  in  the  employ  of  the  East  India  Railway  Company,  noticed 
a  series  of  easily  distinguishable  waves  crossing  his  compound  from 
south  south-west  to  north  north-east.  The  crests  were  about  30  to 
50  feet  apart. 

Further  west^  the  reports  from  more  than  one  place  mention 
that  no  shock  was  felt,  but  that  an  agitation  of  the  water  in  wells  and 
tanks  was  observed. 

From  Sehor  in  Bhopal,  I  have  an  account  by  Mr.  H.  de  St 
Dalmas,  of  the  Friends  Mission,  who  writes  : — 

**  We  were  not  conscious  of  the  shock  by  any  personal  sensation,  and  the  only 
thing  observable  was  the  violent  shaking  of  a  door  in  the  north  wall  of  the  bunga- 
low at  the  north-east  corner,  noticed  by  myself,  and  a  similar  vibration  of  a  heavy 
ahnirah  in  the  adjoining  room,  noticed  by  my  wife.  We  simultaneously  called  to 
ene  another  to  notice  the  phenomenon,  which  we  could  attribute  to  nothing  else 
but  an  earthquake.  The  vibration  continued  probably  for  about  two  minutes. 
}  may  remark  that  the  door,  which  was  closed,  and  the  almirah  were  both  in  the 
same  line  and  in  the  north-east  part  of  the  house,  the  door  facing  north.  ^ 

Further  west,  the  shock  was  felt  by  the  Thakur  of  Piploda  (12  mifes 
west  of  Jaora  Railway  Station)  in  the  upper  story  of  his  house.  He 
was  sitting  at  the  time,  and  his  body  oscillated  from  side  to  side,  while 
chandeliers  hanging  from  the  ceiling  swung  in  the  same  direction. 

A.t  Khandwa,  the  shock  does  not  seem  to  have  been. actually  felt 
by  any  one,  but  a  hanging  lamp  was  observed  to  oscillate. 

Something  similar  appears  to  have  been  noticed  in  Bangalore  by 
the  Dewan  of  Mysore,  who  has  communicated  his  account  through 
Dr.  J.  Evans ;  from  this  it  appears  that  at  the  time  the  Dewan  was 
engaged  in  a  private  interview  on  matters  of  State,  and  that  he 
noticed  the  door  moving  backwards  and  forwards  as  far  as  the  latch 
would  permit,  j^ust  as  if  some  person  were  at  the  door.  He  went 
to  the  door  and  opened  it,  but  found  no  one  near.  The  exact  time 
was  unfortunately  not  noticed,  but  it  was  about  that  of  the  earth- 
quake, and  it  is  reasonable  to  attribute  the  unusual  and  otherwise 
unaccountable  movement  of  the  door  to  this. 

At  Bombay,  also  well  outside  the  area  within  which  the  earth- 
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quake  could  be  felt,  Mr.  Moos,  Director  of  the  Government  Observ- 
atory, Bombay,  was  fortunately  engaged  on  the  diurnal  readings  of 
the  magnetic  instruments,  and  observed  the  declination  needle  to 
swing  slowly  to  and  fro.  No  special  estimate  was  made  at  the  time 
of  the  eitent  or  rate,  but  Mr.  Moos  considers  that  the  lateral 
movement  cannot  have  been  far  from  -^  of  an  inch.  As  the  length 
of  the  suspension  is  about  12  inches,  this  gives  an  angular  oaciU 
latioQ  of  about  30'  of  arc,  an  estimate  which  is  doubtless  a  masimuni 
value,  , 

Oo  the  north  we  have  the  account  of  Colonel  Wylie,  CS.!, 
Resident  in  Nepal,  who  writes: — 

"  The  shock  was  felt  distinctly  at  Katmandu  at  about  4-35  p.m.  It  lasted 
some  five  minutes,  and  was  of  a  double  natura  i^.,  the  first  portion  of  the  shock 
wai  apparently  from  north  to  south.  There  was  then  a  pause  of  a  few  seconds, 
and  the  next  muiion  seemed  to  be  from  east  to  west.  It  was  sufficiently  violent 
to  cause  a  feeling  of  nausea  and  faintness,  making  men  sit  down  on  the  ground, 
and  to  induce  nearly  every  one  to  quit  their  bouses.  In  the  Residency  grounds 
are  many  tall  pine  trees,  and  these  oscillated  violently  as  if  they  were  reeds  t  t 
have  never  seen  anything  oC  the  kind  before.  At  the  same  time,  I  could  dit^ 
tincily  hear  the  roar  of  terror  rising  from  the  city,  which  is  about  a  mile  oS, " 

The  Nepalese  Representative  at  Lbassa  reported  to  his  durbar 
that  a  severe  shock  of  earthquake  was  felt  there  at  5-35  P.M.  on  the 
I2th  June,  that  it  came  from  the  south  and  lasted  about  8  minutes. 
In  this  report  no  mention  is  made  of  3^ay  damage  to  buildings,  but 
Mr.  H,  G.  Hobsqn,  Commissioner  of  Customs  at  Y^tung,  specially 
mentions  that  no  damage  was  done  at  Lhassa. 

Yatung  itself  seems  to  have  felt  the  shock  pretty  severely,  aa 
may  be  judged  from  Mr.  Hobson's  report. 
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pass,  the  Dak  bungalow,  a  stone  structure  with  roof  of  wood  shingles,  collapsed 
entirely,  most  of  the  d6bris  falling  to  the  eastward. 

**  a.  Below  Yatung,  the  barrier  wall  buih  of  stone  and  roofed  over  the  parapel 
with  wood  shingles,  was  thrown  down  in  part  and  otherwise  shattered,  the  eastern 
end  coming  to  most  grief. 

*'  3.  Over  a  mile  below,  the  Ka  Govi  monastery,  situated  on  a  spur  over- 
looking the  vale  of  the  Mo  Chhu,  was  wrecked.  The  main  buildings  fell,  the 
high  compound  walb,  of  concrete  were  cracked  from  top  to  bottom,  whilst  those 
at  the  back  fell  to  the  N.  and  E. 

"  A  small  fort  just  below  had  its  parapets  thrown  down,  the  wreckage  falling 
both  inwards  and  outwards,  say  to  the  N.«E.  and  S  -W. 

'*  4.  In  the  Chumbi  valley  all  official  residences,  ^>arracks  and  private  dwell- 
ings were  badly  damaged.  Compound  and  other  w^Us  fell  mostly  to  the  E.  and 
S.-E.  From  Ki  Bim  Ka  to  Gopa  Jong  in  the  upper  Tomo  district,  some  70 
houses  were  destroyed,  a  child  being  killed  and  four  adults  seriously  injured  by 
falling  walls. 

••  From  To  Mi  to  Do  Chaka  in  the  lower  Tomo  region,  two  houses  were  wrecked 
and  others  badly  cracked. 

''The  earthquake  would  appear  to  have  pretty  well  expended  itself  in  this 
direction  at  the  base  of  the  high  range  of  mountains  to  the  north  and  east, 
at  the  foot  of  which  the  Mo  Chhu  runs  eastward  towards  Bhutan." 

"  Little  damage  is  reported  from  Phuri  to  the  N.  of  this,  and  none  from 
Shigatze  or  Lhasa.  In  recent  letters  from  the  tatter  places  it  is  mentioned  that 
an  earthquake  had  oeen  felt,  but  no  alarm  had  been  caused  thereby." 

In  Burma  the  motion  was  of  the  same  character,  i.  e,,  in  the 
main  undulatory.  The  accounts  are  proportionately  less  numerous 
and  less  full  than  from  Upper  India,  but  two  may  be  selected  for 
quotation.  The  first  of  these  is  that  of  Mr.  A.  E.  English|  Assistant 
Commissioner,  who  was  at  the  time  in  camp  on  the  banks  of  the 
Theingale^  some  7  mrfes  south-west  of  Kyauko  village  and  about 
19  miles  east  of  Tagaung.     Between  5  and  6  P.M.,  he 

'*  Noticed  the  water  in  the  tank,  which  was  an  old  river  course,  containing" 
about  300  yards  of  shallow  water,  tapping  up  against  the  bank  below  my  tent. 
My  hunters  said  it  must  be  elephants  bathing,  but  on  looking  there  were  none  at 
the  other  end.  Some  one  then  pointed  to  the  trees  shaking,  and  we  knew  it  musi 
be  an  earthquake,  •  •  •  .  The  shocks  were  not  felt,  and,  except  for  the  lapping: 
of  the  water,  would  not  have  been  noticed." 

A  somewhat  similar  account  was  received  frcmi  Thayetmyo,  where 

Mr.  E.  Gaibbett,  Executive  Engineer,  writes  that — 

"I,   Lieutenant  Marsden,  XIII    Madras  Infantry,  and  Lieutenant  Sharpe,  1st 
East  Lancashire  Regiment,  were  fishing  in  a  small  tank,  40  yards  square  (very 
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approximately),  on  that  evening.  About  5-30  o'clock  [this  is  only  a  guess,  as  no 
one  looked  at  their  watches)  the  water  in  the  tank  started  going  backwards  and 
forwards  just  as  if  the  water  in  a  basin  had  been  tilted  backwards  and  forwards  ; 
the  maximum  rise  of  the  water  on  the  east  end  of  the  tank  was  18  inches.  This 
movement  lasted  about  3  minutes.  The  movement  appeared  to  be  from  west  to 
cast  as  near  as  we  could  judge.  People  standing  on  the  bank  could  feel  nothing. 
No  cracks,  that  I  am  aware  of)  occurred  in  any  buildings  or  bridges." 

Some  other  accounts  from  Burma  make  specific  mention  of  the 
game  undulatory  motion.  Mr.  C.  P.  Gilbert,  Executive  Engineer, 
Bhamo,  in  the  course  of  his  account  of  the  earthquake  as  felt  at 
Nahakaung,  the  junction  of  the  Katha  branch  of  the  Mu  Valley  line, 
writes: — "  I  have  experienced  considerably  more  severe  earthquakes 
in  the  Himalayas,  but  the  sensation  of  sea-sickness  which  accom- 
panied this  one,  and  which  seems  to  have  been  noticed  by  everyone 
almost,  IS  quite  a  new  feature."  At  Bhamo  Mr.  P.  D.  C,  Peretra, 
Inspector  of  Police,  reports  that  the  shock  was  sot  the  usual  short 
jerks,  but  resembled  more  a  gently  rocking  motion.  It  caused  a 
sensation  of  nausea  in  several  people. 

These  two  accounts  are  valuable  as  being  comparative  and  show- 
ing the  difference  between  the  nature  of  the  disturbance  produced 
by  a  very  severe  earthquake  at  a  distance  from  its  centre,  and  the 
possibly  more  severe,  disturbance  of  a  slighter  earthquake  at  a  short 
distance  from  its  centre. 

Such  are  the  accounts  of  the  nature  of  the  shock.  Beside* 
those  printed,  many  more  have  been  received,  but  they  do  not  add 
anything  of  importance.  From  them  it  may  be  gathered  that  there 
was  everywhere  a  marked  undulatory  movement  of  the  surface  of 
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at  all,  and  only  rendered  itself  noticeable  by  disturbances  of  level  of 
pools  of  water,  it  is  probable  that  what  passed  was  a  real  wave  of 
translation,  and  was  in  fact  the  earthquake  wave. 

In  the  central  area  the  horizontal  to  and  fro  movement  was 
large,  and  abrupt  and  very  sensible,  but  as  the  wave  travelled,  this 
became  a  simple  undulatory  movement,  very  different,  according  to 
the  accounts,  from  the  more  common  short  and  quick  to  and  fro 
movement  experienced  in  the  case  of  less  severe  earthquakes  which 
do  not  spread  far  from  their  origin. 


/  Though  somewhat  apart  from  the  scope  of  this  chapter,  the  effect 

f         of   the   earthquake   on  the  mud  volcanoes  of  Kyauk  Fyu  may  be  no- 
ticed.    It   is  contained   in  a   letter  from  the  Deputy  Commissioneri 
4      Kyauk  Pyu,  to  the  Commissioner  of  Arakan,  No.  -^^    dated   Kyauk 

Pyu,  the  25th  August  1897  : 

**  The  mud  volcano  in  this  island  is  well  known  to  all  people,  and  is  occasionally 
active. 

^  On  this  occasion  loud  reports  were  heard  coming  from   this  volcano  followed 
by  a  flow  of  mud,  which  continued  for  an  hour  and  a  half. 

*'  About  II  o'clock  that  night  loud  reports  were  again  heard,  and  a  new  volcano 

opened  out  2,500  feet  to  the  south  of  the  old  volcano.     There  was  a  very  large  flow 

of  mud  from  this  new  crater,  so  large  in  fact  that  it  spread  out.  over  the  land  near, 

destroying  acre  1*05  of  paddy    land   belonging  to  a  cultivator  named  Na-Ban- 

San.    The  flow  continued  until   about   midday  on  the  13th  June.    The  reports 

made  by  the  opening  of  the    n  ew  crater  were  followed  by  a  very  brilliant  meteor 

which  appeared  to  travel  from  the  south  to  the  north. 

I  '*  On  the   23rd   June  about   7  p.m.,  a  slight  shock  of  earthquake  was  felt  and 

/        another  meteor  was  seen,  and  three  sounds  as  of  the  distant  booming  of  a  gun 

;*         were  heard." 

''This  is  ascertained  by  Maung  Po  from  personal  enquiry.    The  latter  part  is 
vouched  for  by  him  as  he  himself  saw  and  heard  all«" 

I  The  only  other  reports  which  mention  any  effect  on  hot  springs 

I    are  those    of   the   Collectors  of  Chittagong  and  Patna.     The  former 

V    reported  that  the  burning  springs  of  Sitakund  were  unusually  lively 

\  after  the   earthquake,   while   the  latter  reported  that  the  hot  springs 

at  Rajgir  (Rajagriha)  were  said  to  have  discharged  discoloured  water 

for  three  days. 
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Chapter  III.— THE  ISOSEISMIC  LINES  AND  AREA  OVER 
WHICH  THE  SHOCK  WAS  FELT. 
The  determination  of  the  isoseismic  lines,  that  is  to  say,  lines  of 
equal  violence  of  shock,  is  the  necessary  preliminary  to  deterniioing 
the  varying  Eate  of  diminution  of  seismic  energy  in  different 
directions.  Strictly  speaking  there  should  be  little  difBculty  in  deter- 
mining these  lines,  as  the  violence  of  the  shock  may  be  regarded  as 
a  function  of  the  amplitude  and  period  of  the  wave,  or  more  simply, 
of  the  maximum  rate  of  acceleration  of  the  wave  particle.  All 
these  elements  are  capable  of  determination  from  the  records  of  a 
complete  seismograph,  and,  in  the  absence  of  these  instruments,  a 
tolerably  complete  substitute  may  be  found,  at  any  rate  when  an 
earthquake  is  severe,  in  the  overturning  of  simple  objects,  such  as 
pillars,  in  countries  where  they  are  suFBcieotly  numerous. 

In  the  present  case,  however,  objects  suitable  for  giving  scis' 
mometric  results  of  any  degree  of  accuracy  are  rare,  and,  owing  to  the 
extent  of  the  country  over  which  the  earthquake  was  more  or  less 
destructive,  they  have  not  all  been  examined  by  competent  obser- 
vers. It  has  consequently  been  necessary  to  fall  back  on  the  general 
accounts  of  the  earthquake  and  its  effects,  and  to  draw  the  isoseis* 
mic  lines  on  the  basis  of  the  effects  of  the  earthquake  on  masonry 
buildings  and  on  human  sensations. 

In  the  account  of  the  Charleston  Earthquake,  Captain  Duttoa 
made  use  of  the  Rossi-Forel  scale  of  intensities  and  drew 
isoseismic  lines,  or  isoseists,  representing  ten  vliRerent  degrees  of 
intensity.     In  a  closely  populated  and  civilised   country,  where  most 
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1.  The  second,  those  places  where  damage  to  masonry  or  brick 
buildings  was  universal,  often  ^eriousj  amounting  in  some  cases  to 
destruction* 

3.  The  third,  those  places  where  the  earthquake  was  violent 
enough  to  damage  all  or  nearly  all  brick  buildings. 

4*  The  fourth,  those  places  where  the  earthquake  was  universally 
felt,  severe  enough  to  disturb  furniture  and  loose  objects,  but  not 
severe  enough  to  cause  damage,  except  in  a  few  instances,  to  brick 
buildings. 

5.  The  fifth,  those  places  where  the  earthquake  was  smart 
enough  to  be  generally  noticed,  but  not  severe  enough  to  cause  any 
damage. 

6.  The  sixth,  all  those  places  where  the  earthquake  was  only 
noticed  by  a  small  proportion  of  people  who  happened  to  be  sensi- 
tive, and  being  seated  or  lying  down  were  favourably  situated  for 
observing  it. 

This  scale  does  not  pretend  to  scientific  accuracy,  nor  are  the 

differences  between  the  successive  isoseists  by  any   means  uniform  ; 

all  that  can  be  said  in  its  favour  is  that  it  is  the  best  which  the 

materials  available   allow  of  being   used.     As   compared   with  the 

Rossi-Forel  scale  it  may  be  said  that,  roughly  speaking,  the  isoseist 

pumbeF 

No.  I  includes  degree    to       of  the  Rossi-Forel  scale 


•f 

2 

» 

n           9 

i» 

u 

n 

3 

t> 

8 

** 

»9 

>» 

4 

»» 

,,  6  and  7 

t» 

99 

f» 

5 

»> 

„  4  and  5 

»$ 

«> 

>» 

6 

■t 

,.     a  to  3 

•t 

t9 

To  those  who  were  in  the  area  affected  by  the  earthquake  a 
better  idea  of  the  scale  may  be  given  by  the  quotation  of  specific 
instances  of  each  degree.  The  first  isoseist  includes  all  such 
places  as  Shillong  and  Goalpara,  where  destruction  was  universal ; 
the  isoseist  runs  near  Rangpur  and  Kuch  Bihar.  No.  2  would 
include  Murshidabad,  Malda,  Darjiling  ;  No.  3,  Bhagalpur,  Krish- 
oagar  and  Calcutta.     Beyond  this,  No.  4  would   include    western 
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Bihar  and  tlie  eastern  half  of  the  North- West  Provinces.  About 
Allahabad  comes  the  isoseist  No.  4  and  about  Agra  No.  5. 

It  will  probably  surprise  many  who  were  in  Calcutta  at  the  tim« 
to  see  it  stand  so  low  in  the  scale  as  I  have  indicated  above,  and 
shown  on  the  map  No.  I,  and  when  they  recollect  the  alarm 
caused  at  the  time  and  the  ruined  aspect  of  the  city  shortly  after 
the  earthquake  the  surprise  is  not  unnatural.  There  are,  however, 
special  causes  ia  the  mode  of  construction  of  the  Calcutta  bouses 
which  account  for  the  great  destruction  resulting  from  the  eartb- 
quake< 

Figure  3  represents  the  transverse  section  of  a  typical  Calcutta 
house.  There  is  a  central  portion  built  with  thick  walls,  with  fl^ 
cemented  roof  and  cemented  or  marble  floors  to  each  story  ;  oq  the 
south  is  a  broad  verandah,  where  the  roof  and  floors  ace    carried   by 
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Miis.    The  two  storied  houses  are  built  in  the  same  manner,  with  the 
omission  of  the  top  story. 

From  this  description  it  will  be  seen  that  the  house  is  divided  by 
two  vertical  planes  into  three  very  distinct  portions  of  very  different 
weights  and  proportions.  Consequently  when  the  house  is  set  rock- 
ing each  portion  will  try  to  swing  as  an  inverted  pendulum,  with 
its  own  proper  period  of  oscillation.  As  this  will  be  different  in  each 
case,  and  as  the  difference  is  greatest  in  the  case  of  the  main  body 
of  the  building  and  the  south  verandah,  the  different  portions,  unless 
strongly  tied  together,  will  alternately  separate  and  press  upon  each 
other. 

This  separation  of  the  verandah  from  the  main  body  of  the 
building  was  observed  by  more  than  one  person,  and  the  rate 
at  which  the  separation  and  return  took  place,  estimated  at  from 
7  to  20  seconds  by  different  observers,  shows  that  it  was  not 
directly  due  to  the  bending  of  the  house  on  the  top  of  the  earth  wave, 
whose  period  was  much  quicker,  but  to  a  swing  communicated  to  the 
building,  and  the  elastic  oscillation  of  its  different  parts.  Tall 
factory  chimneys  are  known  to  sway  several  feet  in  a  high  wind, 
and  bricks  and  mortar  have  sufficient  elasticity  to  allow  of  a  separa- 
tion of  several  inches  between  two  parts  of  a  tall  house  swinging 
in  opposite  directions. 

After  the  earthquake  it  was  found  that  by  far  the  greater  amount 
of  the  serious  damage  done  was  of  the  character  described,  and  few 
were  the  houses,  even  those  otherwise  little  injured,  where  two 
cracks  did  not  open  as  shown  in  fig.  3.  Moreover,  it  was  found 
that  where  the  main  beams  supporting  the  roof  and  floors  ran 
north  and  south,  in  the  same  direction  as  those  of  the  verandah,  and 
hence  acted  in  some  degree  as  ties,  the  damage  was  much  less  than 
when  the  beams  in  the  main  building  ran  east  and  west  and  those 
in  the  verandah  north  and  south. 

Another  cause  of  the  damage  in  Calcutta  was  the  heavy  and  weak 
balustrades  and  cornices  found  on  most  of  the  older  houses.  These 
will  be  noticed  in  the  views  reproduced  on  Plates  XXIII  and  XXIV, 
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and  are  represented  in  section  on  figures  4  and  5,  for  which  t  uU 
indebted  to  the  courtesy  of  Messrs,  M  acintosb,  Burn  and  Co.  Figure  4 
represents  in  section  the  roof,  cornice  and  balustrade  of  an  ordinary 
private  house  ;  fig.  5,  that  of  the  Calcutta  Town  Hall,  which  may  be 
regarded  as  an  extreme  case  of  this  type  of  construction.  The  balus- 
trade, whose  general  appearance  can  be  seen  on  Plates  XXIII  and 


t  ig,  4.  Section  of  roof,  cornice,  and  piri- 
of  A  urivate  houM.  Cilcntta.  pli 

5c«IeliDch 


tig,  4.  Section  of  roof,  cornim 
pat  ot  *  pivate  houss,  Odcntta. 


FIf.  s>  Section    of  tool  1  eonSce,  aoa 
apet  oi  CtlcDtU  Towa  HM. 


ISOSElStS  AND   SEISMIC    AREA.  47 

precipitated  to  the  ground^  carrying   with   it  any   projections   that 
stood  in  its  way  (PI.  XXIll,  fig.  1). 

Little  less  dangerous  were  the  heavy  cornices  which  adorn  not  only 
the  outside  of  these  hou  ses,  but  are  often  repeated  in  the  interior. 
They  project  two  feet  or  more  (in  the  case  of  the  Town  Hall  over  five 
feet)  and,  being  constructed  of  ordinary  brick  and  mortar  covered  with 
stucco,  have  little  transverse  strength  at  the'ir  junction  with  the 
main  wall.  In  the  interior  of  the  house  they  do  not  project  so  far, 
but  are  often  a  foot  or  more  wide  and  made  principally  of  plaster. 
These  heavy  cornices  proved  especially  liable  to  damage;  long 
lengths  of  them  were  broken  oflF,  and  in  their   fall  caused  wreckage 

and  damage. 

Yet  another  reason  for  the  great  apparent  damage  done  was   the 

almost  universal  practice  of  coating  the  brickwork  with  a  thick  coat 
of  stucco.  This  is  done  for  climatic  reasons,  a  house  so  treated 
being  much  cooler  than  one  in  which  bricks  are  left  bare,  but  the 
plaster  is  easily  detached  when  the  whole  house  is  caused  to  rock, 
as  was  the  case  in  the  earthquake,  and  an  appearance  of  great 
damage  was  produced  where,  but  for  the  stucco  coating,  the  house 
would  have  been  almost  uninjured.  Plate  XXIII,  fig.  2,  is  a  view  which 
may  be  taken  as  typical  of  a  large  number  of  houses  after  the  earth- 
qaake,  where  it  will  be  seen  that,  apart  from  the  detachment  of 
plaster  and  the  damage  done  by  its  fall,  the  house  is  practically 
uninjured. 

After  making  allowance  for  these  special  considerations,  and  for 
the  fact  that  brick-built  houses  are  far  more  numerous  than  any- 
where else  in  Bengal,  and  that,  consequently,  the  number  seriously 
injured  would  naturally  be  greater,  it  will  be  found  that  the  destruc- 
tiveness  of  the  earthquake  was,  proportionately,  much  less  than 
throughout  the  north-eastern  portion  of  Bengal ;  a  conclusion  which 
is  borne  out  by  the  comparatively  small  amount  of  damage  done  in 
ythe  native  quarters  of  the  town,  where  a  different  mode  of  construc- 
t  tion  is  adopted  and  brick  buildings  are,  as  a  rule,  smaller  and  more 
homogeneous  than  those  in  the  European  quarters.     Another   source 
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I  of  strength  is  to  be  found  in  the  buildings  being,  as  a  rule,  not  detach- 
I  ed  but  built  in  rows,  and  where  this  was  the  case  it  was  seldom   that 

I  any   but   the   end  houses  suHered,  except  in  the  case  of  those  which 

I  were  old  and  badly  built. 

In  accounts  of  great  earthquakes,  at  any  rate  those  written  in 
modern  times,  it  is  usual  to  attempt  a  detailed  delineation  of  a 
greater  or  less  number  of  isoseismal  lines,  and  much  information  can 
doubtless  be  derived  from  the  evidence  their  irregularities  gives  of 
the  irregalar  distribution  of  the  energy  of  the  earthquake.  In  no 
case  do  the  isoseists  have  that  regular  circular  or  elliptical  form 
which  would  be  found  if  the  wave  was  propagated  through  a  homog- 
eneous medium,  but  in  the  case  of  the  present  earthquake  it  has  been 
found  impossible  to  draw  these  irregularities  with  any  degree  of 
accuracy,  and  the  isoseists  actually  drawn  on  map  No,  i  are 
purely  diagramatic  and  represent  theit  probable  course  if  we 
could  suppose  local  conditions  everywhere  uniform,  and  the  diminu- 
tion of  the  violence  of  the  shock  comparable  to  that  which  can  be 
recognised  in  a  westerly  direction  along  the  plains  of  Upper  India. 

It  will  be  noticed  that  these  curves  come  closer  together  on  the 
east  and  south-east  than  on  the  west  and  south-west,  and  I  believe 
that  this  closing  in  is,  at  least  partly,  real,  and  not  due  to  imperfect 
information.  On  the  north  nothing  is  known  of  the  course  of  the 
isoseists,  and  it  is  not  impossible  that  the  closing  in  of  the  inner 
isoseiamic  lines  on  this  side  is  incorrect.  I  have  drawn  them  in 
accordance  with  what  little  is  known  and   with  what   might   reason- 
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this  earthquake  it  was  seen  that  quite  one-third  of  the  area  over 
which  it  was  sensible  lay  in  regions  from  \vh  ich  it  was  hopeless  to 
attempt  to  obtain  any  information,  while  more  than  half  of  the  re- 
maining area  was  sparsely  inhabited  by  ignorant  and  illiterate  tribes, 
with  but  few  and  widely  separated  centres  from  which  an  intelligent 
account  could  be  hoped  for.  In  these  circumstances  it  would  have 
been  impossible  to  obtain  such  detailed  information  as  would  alone 
have  allowed  of  the  delineation  of  the  actual  course  of  the  isoseismic 
lines.  Moreover,  any  attempt  to  have  obtained  this  information  would 
undoubtedly  have  occupied  much  time,  besides  being  almost  fore- 
doomed to  failure,  so  the  attempt  was  deliberately  abandoned  in 
order  that  attention  might  be  given  to  those  points  with  regard  to 
which  this  earthquake  seemed  likely  to  add  to  our  knowledge. 

This  being  so,  I  shall  not  enter  on  a  detailed  review  of  the 
accounts  from  various  places  (sufficient  will  be  found  in  other  parts 
of  this  report,)  and  will  merely  notice  certain  peculiarities  in 
the  distribution  of  the  energy  of  the  shock  which  can  be  detected  in 
the  accounts. 

Two  partial  exceptions  may  also  be  made  to  the  general  impossi-> 
bility  of  drawing  the  isoseismic  lines.  The  first  is  in  the  case  of  the 
area  over  which  serious  damage  to  brick* built  houses  was  common, 
This  corresponds  to  the  isoseist  between  degrees  3  and  4,  as  defined 
on  p.  43  or  between  7  and  8  of  the  Rossi-Forel  scale.  The  other 
is  the  outer  limit  of  the  sensible  shock,  and  may  be  taken  as  the  limit 
between  degrees  i  and  2  of  the  Rossi-Forel  scale.  The  areas  included 
in  these  two  lines  are  indicated  on  Map  No.  I  by  a  darker  and  a 
lighter  tint,  respectively. 

The  irregularities  in  the  course  of  the  inner  line  need  little  com- 
ment; they  are  closely  connected  with  the  geological  structure  of  the 
country,  and  are  largely,  if  not  entirely,  due  to  the  well-known  fact 
that  earthquakes  are  more  destructive  in  alluvial  ground  than  on  rock 
at  an  equal  distance  from  the  centre. 

At  the  outer  limit  there  are  some  peculiarities  which    need    more 
E  (     49    ) 
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detailed  notice  and  tlie  most  prominent  of  these  in  the  detached  area 
about  Baroda  and  Ahmadabad.  The  Collector  of  Ahmadabad  reports 
that  he  did  not  experience  the  shock  himself,  and  that  though  it  was 
reported  to  have  been  ftit,  he  does  not  think  that  one  person  in 
a  thousand  noticed  anything.  Even  this  small  proportion  is,  how- 
ever, probably  larger  than  that  which  noticed  the  shock  over  a  large 
area  to  the  east,  and  the  number  of  separate  accounts  which  mention 
the  shock  as  having  been  felt  in  the  Ahmadabad  district  and  Baroda 
territory,  thougli  accompanied  by  a  larger  number  which  report  that 
nothing  was  felt,  leave  no  doubt  that  the  shock  was  just  sensible  on 
the  alluvial  tract  bordering  the  western  edge  of  the  peninsular  rock 
area. 

Further  east  we  find  the  same  thing.  In  the  alluvial  area  of  the 
Narbada  Valley  the  shock  seems  to  have  been  pretty  generally 
felt,  though  only  by  a  portion  of  the  inhabitants,  and  at  the  western 
end  it  seems  to  have  been  noticeably  more  feeble  than  at  the  eastern. 
North  of  the  Narbada  alluvium  the  shock  was  much  less  noticeable. 
The  accounts  received  from  Sehore  in  Bhopal  and  from  Piploda  have 
been  given  on  page  37,  At  Nimach.the  shock  was  not  felt  by  anyone 
in  cantonments,  but  the  Subah,  whose  house  is  situated  on  high 
ground  overlooking  the  city,  some  /  miles  fiom  cantonments,  reports 
that  the  shock  was  felt  by  him  and  caused  the  door-chains  to  clank 
and  the  tiles  to  rattle  on  the  roof.  The  Station  Master  at  Raoti,  17 
miles  west  of  RaClam,  reports  that  the  shock  was  felt  there,  but  all 
other  places,  to  the  west  of  those  just  mentioned,   report  that  it  was 
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that  the  shock  was  not  felt,  ^ith  the  single  exception  of  Burhanpur 
where  it  is  reported  to  have  been  felt.  It  is  possible  that  this  excep- 
tion may  be  due  to  a  greater  sensitiveness  or  keenness  of  observation 
on  the  part  of  the  Station  Master,  but  it  is  noteworthy  that  Burhanpur 
is  on  the  northern  edge  of  the  Tapti  alluvium,  but  close  to  the  boun- 
dary between  it  and  the  great  spread  of  Deccan  trap. 

Before  leaving  the  western  area  it  may  be  of  interest  to  note  that 
in  Lalitpur  in  Bhandelkhand,  far  beyond  the  region  where  any  serious 
injury  to  masonry  buildings  is  reported,  the  Birdha  inspection-house  on 
the  Cawnpur-Jhansi  road  is  reported  to  have  suffered  serious 
damage.  The  building  was  of  stone,  with  the  roof  supported  on 
stone  slates  carried  by  stone  beams.  A  few  cracks  were  opened  in  the 
roof  of  the  main  building,  parallel  to  the  stone  beams  supporting  it, 
and  the  walls  and  roof  of  an  outhouse  fell  down.  From  the  account 
submitted  to  me  it  does  not  appear  whether  there  was  any  local  cause 
to  explain  this  damage  which,  though  slight,  was  much  greater  than 
any  other  in  the  North- West  Provinces  or  Oudh,  or  whether  it  was 
entirely  due  to  age  or  defective  construction  of  the  buildings. 

Turning  to  the  eastern  limit  of  the  known  area,  the  shock  is  said 
to  have  been  severe  on  the  northern  frontier  of  Burma,  and  to  have 
thrown  down  trees  in  the  Hukong  Valley  and  at  Sampawn  but  at 
Myitkhina  it  is  said  to  have  been  so  slight  as  not  to  have  been  gene- 
rally noticed  at  the  time.  In  the  North  Shan  Hills  it  was  felt  more  or 
less  over  the  whole  charge,  except  at  the  Tawmo  outpost  east  of  th  e 
Salwin. 

In  Southern  Burma  the  shock  appears  to  have  been  very  noticeable 

all   down   the    Irawadi   Valley,  as    all   stations   report  that   it   was 

felt,  even   as  far  south  as  Diamond  Island,  but  it  was  not  felt   at   the 

Alguada  reef  lighthouse.     To  the  east  of  the  Pegu  Yoma  the   shock 

appears  to  have  been  very  much  less  felt,  and  the  difference   cannot 

be  attributed  to  a  greater  distance  from  the  centre.    At  Toungoo  it  is 

reported  to  have  been   very   slight,  and  a   few  only  of  the  Station 

Masters  On  the  Rangoon-Mandalay    Railway  felt  it.     It  was   felt   in 
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Western  Karenni,  and  seems  to  have  been  felt  in  parts  of  Myelaf, 
though  there  is  an  uncertainly  about  the  date,  but  was  not  fed 
elsewhere  in  Ihe  Southern  Shan  Hills. 

These  records  give  an  approximation  to  the  eastern  limit  of  the 
area  over  which  Ihe  shock  was  felt,  but  east  of  Bhamo  we  have  no 
records.  An  enquiry  instituted  through  Her  Britannic  Majesty's 
Envoy  Extraordinary  and  Minister  Plenipotentiary  at  the  Court  of 
China  failed  to  elicit  any  information  as  to  the  earthquake  having 
been  felt  in  China  ;  but  as  the  region  where  it  could  have  been  felt  is 
one  of  Ihe  most  remote  from  the  capital,  largely  inhabited  by  primitive 
tribes,  and  as  the  earthquake  must  have  been  loo  feeble  to  attract 
general  altention,  no  great  value  can  be  attached  to  the  negative 
result  of  the  enquiry. 

On  the  north  the  only  information  available  is  that  contained  in  the 
reports  of  Colonel  Wylie  and  Mr.  Hobson  quoted  in  the  last  chapter. 

Summarising  the  results  reviewed  above  we  find  that  the  area  over 
which  the  shock  is  known  to  have  been  felt  amounted  to  not  less  than 
j;f,2oo,ooo  square  miles  (statute),  or  3,120,000  square  kilometers  and 
this  does  not  include  the  detached  area  near  Ahmedabad  or  aity  part 
of  the  Bay  of  Bengal,  nor  does  it  include  the  large  area  in  Thibet  or 
Western  China,  over  which  the  shock  was  certainly  sensible,  though 
we  have  received  no  reports.  If  we  round  off  the  area  by  including 
these  tracts  we  get  a  total  area  over  which  the  shock  was  sensible 
as  about  1,7=0,000  square  miles,  (4,550,000  sq.  km.)  while  the  area 
over  which    it  is   known    to  have  done  serious   damage  to  masonry 
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Chapter  IV.— THE  RATE  OF  PROPAGATION,  AND  TIME 
OF  THE  COMMENCEMENT  OF  THE  SHOCK. 

Of  all  the  data  required  in  seismological  investigations  none  are 
so  important  and  none  so  difficult  to  obtain  as  the  exact  times  at 
which  the  various  phases  of  an  eathquake  were  felt.  This  is  partly 
due  to  habitual  inaccuracy  Tn  timekeeping,  accuracy  to  a  second 
or  even  to  a  minute  of  time  being  seldom  required  in  ordinary  life, 
but  also  to  the  nature  of  the  eathquake  wave  or  series  of  waves. 
They  do  not  commence  abruptly  and  cease  absolutely  at  determin--- 
able  moments,  but  the  sensible  shock  is  preceded  by  minute  tremors 
and  followed  by  longer  and  slower  undulations,  both  of  which  are 
insensible,  but  in  different  degrees  to  different  people.  The  time,  for 
which  the  preliminary  and  terminal  stages  of  the  disturbance  last, 
increases  with  the  distance  from  the  centre,  and  it  would  be  possible 
for  two  careful  observers,  side  by  side,  to  record  materially  different 
observations  of  the  time  of  commencement  and  cessation  of  the 
shock,  as  the  movements  felt  by  one  might  be  quite  insensible  to  tlie 
other. 

In  the  case  of  this  earthquake  I  have  received  a  large  number 
of  time  records  from  various  sources,  which  may  be  classified  as 
follows  :— 

(i)  The  automatic  records  at  Calcutta  and  Bombay. 

(Z)  Reports  from  the  Telegraph  Department. 

(3)  Reports  from  Station  Masters. 

(4)  Accounts  of  private  individuals. 

The  second  of  these  categories  comprises  the  reports  which  all 
telegraph  offices  in  India  and  Burma  were  ordered  to  submit..  It 
might  be  supposed  that  the  time  records  from  these  would  show  a 
high  degree  of  accuracy,  seeing  that  a  time  sFgnal  is  transmitted 
daily  to  every  office.  The  result  has  not,  however,  fulfilled  this 
anticipation.  It  is  not  in  human  nature  to  take  more  trouble  than 
is  necessary  to  attain  the  purpose  desired,  and  in  small  offices  where 
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telegrams  are  seldom  received  or  despatched'  no  great  trouble  13 
taken  to  keep  accurate  time.  In  many  o(  these  small  offices  it  is 
evident  that  no  note  was  made  at  the  time  when  the  earthquake  was 
felt,  and  the  conjunction  of  these  two  causes  of  error  has  vitiated 
nearly  all  the  returns.  In  a  few  cases  the  time  reported  is  obviously 
in  error  to  the  extent  of  several  hours. 

From  the  larger  and  busier  offices,  where  a  careful  record  of  time 
is  essential  to  the  proper  conduct  of  the  business,  the  returns  are  of 
greater  accuracy  and  value.  In  these  the  signallers  have  to  keep  a 
log-book  in  which  the  times  of  receipt  and  despatch  of  messages  and 
the  alteration  of  the  electric  circuits  are  recorded;  and  where  the 
work  is  sufficient  to  keep  the  office  continuously  employed,  it  is 
obvious  that  a  considerable  degree  of  accuracy  in  timekeeping  is 
necessary.  But  a  high  degree  of  accuracy,  according  to  the  standard 
of  ordinary  life,  may  be  a  high  degree  of  inaccuracy  where  even 
fractions  of  a  second  should  be  taken  into  consideration,  and  it  is 
obvious  from  the  returns  that,  even  where  accuracy  is  most  to  be 
expected,  the  time  is  often  in  error  by  several  minutes. 

On  the  railway  the  same  considerations  affect  the  accuracy  of  the 
returns,  but  here  the  constant  traverse  of  trains,  each  of  which  has 
to  Veep  its  running  sheet  in  agreement  with  the  times  kept  by  the 
Station  Masters,  introduces  a  certain  check  on  the  time  kept  at  road- 
side stations.  Yet  it  is  evident  from  the  returns  that  the  times  re- 
corded at  large  and  busy  stations,  where  many  trains  stop,  are,  on  the 
whole,  more  accurate  than  at  the  roadside  stations  where  only  a  few 
trains  stop.     It  is  also  noticeable  that  on  the  main  lines  a  more  accu- 
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recorded  times  from  individual  stations.  The  records  obtained  from 
the  main  line  stations  between  Calcutta  and  Delhi  were  plotted  and 
a  curve  drawn  (see  Plate  XXXIX)  in  which  the  abscissae  represent 
the  distance  of  the  stations,  the  ordinates  the  times:  the  curve  so 
obtained  is  irregular,  but  by  smoothing  it  a  curve  was  obtained  which 
gives  the  probable  time  of  commencement  of  the  shock  at  each 
station  with  greater  accuracy  than  the  actually  recorded  times. 

1  he  same  methed  was  attempted  in  the  case  of  the  Eastern  Bengal 
State  Railway  line  from  Calcutta  to  Darjiling,  but  in  this  case  the 
individual  variations  in  time  between  neighbouring  stations,  and  the 
very  large  proportion  which  gave  what  was  evidently  merely  the 
nearest  five  minute  interval  renders  the  method  inapplicable.  In  this 
case,  as  in  that  of  all  the  other  lines  from  which  returns  have  been 
obtained,  it  has  been  necessary  to  adopt  the  less  satisfactory 
method  of  selecting  those  of  the  returns  which  appear  on  the  face  of 
them  to  be  most  trustworthy. 

The  fourth  category,  voluntary  reports  from  private  individuals, 
varies  most  largely  in  value.  In  a  certain  number  of  cases  every 
care  seems  to  have  been  taken  to  ensure  accuracy,  and  it  is  expressly 
stated  that  the  watch  or  clock,  by  which  the  time  was  taken,  had 
been  or  was  subsequently  compared  with  the  timepiece  of  the  near- 
est station  or  telegraph  office,  or  with  the  daily  gun.  All  these  stan- 
dards are,  however,  liable  to  errors  which  may — for  the  present 
purpose — wholly  vitiate  the  result. 

A  fruitful  source  of  error,  and  one  that  it  is  often  impossible  to 
eliminate,  is  the  different  times  that  are  kept  and  used.  I  do  not  refer 
to  isolated  localities  where  there  is  neither  railway  station  nor  tele- 
graph office,  and  where  the  local  time  is  determined  by  the  gastric 
sensations  of  the  individual  in  charge  of  the  station,  time^gong,  or 
the  judications  of  a  sundial,  more  often  than  not  constructed  for  a 
different  latitude  to  that  in  which  it  is  set  up,  and  probably  adjusted  to 
the  meridian  with  no  more  accurate  instrument  than  a  cheap  pocket 
compass;  but  to  those  places  where  the  presence  of  telegraphic 
communication  should  enable  accurate  time  to  be  kept. 
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Tbe  officUI  standard  time,  used  by  the  telegraph  dtrpartmenl  and 
by  all  railways  in  India,  is  that  of  the  Madras  Observatory,  5  hours, 
20  minutes,  59-2  seconds',  east  of  Greenwich.  But  the  Indian 
telegraph  system  ranges  over  nearly  two  and  a  quarter  hours  of  longi- 
tude,* and,  as  the  hour-zone  system  has  not  yet  been  adopted,  the  use 
of  Madras  time  would  be  inconvenient  in  many  cases.  A  system  has 
consequently  sprung  up  of  nsing  local  time,  this  being  obtained  by  a 
correction  of  an  integral  number  of  minutes,  the  number  to  be  added 
or  subtracted  being  printed  in  the  official  telegraph  guide. 

This,  in  itself,  would  introduce  no  element  of  confusion  if  the 
system  was  uniformly  adopted,  but  It  is  not.  Throughout  the  Madras 
Presidency,  Madras  time  is  used,  except  at  Vizagapatam,  where  local 
time  is  used.  Elsewhere  local  time  is  that  in  general  use,  but  where 
the  difference  is  not  great,  railway  time — as  that  of  the  Madras 
meridian  is  usually  called— is  used  in  some  places,  local  time  in 
others.  Yet  another  source  of  confusion  is  to  be  found  in  the  practice 
of  using  3  local  time  which  is  not  that  of  the  locality,  but  that  of  the 
nearest  large  city;  for  instance,  at  many  places  in  Bengal,  the  time 
conventionally  used  is  that  of  Calcutta,  not  that  of  the  meridian  of 
the  place  or  standard  time. 

As  a  consequence  of  this  divergence  of  time-systems  In  use  ii  is 
necessary  to  be_certain,  even  after  an  observation  has  been  accepted 
as  on  the  face  of  it  good,  which  system  has  been  used.  As  a  rule, 
there  is  no  difficulty,  for  the  difference  between  them  is  great,  the  only 
possibility  of  confusion  is  at  places  near  the  meridian  of  Madras, 
and  in  Bengal,  when  the  local  time  may  not  be  that  of  the  locality. 
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It  is  only  necessary  to  refer  to  the  reports  on  the  Charleston  ^  Earth- 
quake, or  those  of  Agram  >  (1880)  and  Laibach  *  (1895),  ^^  ^^^  ^^^ 
largely  even  what  may  be  regarded  as  careful  records  can  vary,  and 
those  of  the  great  earthquake  of  1897  exhibit  an  even  greater  diver- 
gence. I  shall  consequently  confine  myself  to  noticing  those  records 
which  appear  to  be  most  accurate. 

In  making  such  a  selection  great  care  should  be^  and  has  been» 
taken  to  exclude,  as  far  as  possible,  any  bias  to  select  those  records 
which  give  a  result  most  concordant  with  the  anticipated  rate  of 
transmission.  Weie  the  inherent  probability  of  the  recorded  times 
solely  taken  into  consideration,  or  even  largely  so,  it  would  be  possible 
to  obtain  ample  evidence  for  almost  any  assumed  rate  of  propagation. 
The  proper  course  is  to  look  only  to  the  inherent  probability  of  the 
record  being  correct,  as  judged  from  the  circumstances  of  the  report- 
er's occupation,  or  the  details  of  the  precautions  taken  to  ensure  accu- 
racy. In  some  cases  records  which  on  the  face  of  them  carry  a 
presumption  of  accuracy,  are  so  discordant  with  the  others  of  the 
same  class,  that  they  must  be  rejected  on  this  ground  alone,  but 
no  good  can  result  from  accepting  a  large  number  of  records  whose 
only  claim  to  credit  is  a  consistency  with  other  records,  this  con- 
sistency being  perhaps  due  to  accident  or  a  combination  of  errors 
which  happen   to  compensate  each  other. 

Turning   nov/  to  the   detailed    consideration   of   the  records,  we 

may    begin    with  those    from   Calcutta    ani      Bombay,  where   tliey 

attain  a    greater  degree   of  accuracy   and  trustworthiness  than  at 
any  other  places. 

At  Calcutta  a  tide-gauge  is  permanently  established.  The  time 
is  checked  every  day  at  4  P.  M.  and  6  p.  m.  and  the  times  of  the 
disturbances  recorded  on  the  afteruDonof  12th  June  can  consequently 

*  Captain  B.  Datto.  The  Charleston  Earthquake  of  31st  August  1886,  Ninth 
Ann.  Rep.  U.  S.  Geol.  Survey  (1889). 

*  P.  Wflhner,  Dat  Erdbeben  von  Afrram  am  9th  November  1880.  Sitz.  ber.  d. 
Math,  naturw.  CI.  k.  Akad.  Wiss.,  Wien.  LX  XX VIlI,  pt.  I,  1884.  -^i^.^,***  *^«irr»i 

*  P.  E.  Suess.  Das  Erdbeben  von  Laibach  am  I4tb  April  iSgsTjanrD.  k.  le.' 
Geol.  Reichsanstalt.  XL VI  (1897). 
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be  depended  on  within  the  limits  of  the  accuracy  of  measurement  of 
the  diagram.  The  results  of  the  measurement,  as  communicated  by 
Major  5.  G.  Burrard,  R.E.,  in  charge  of  Tidal  and  Levelling  operations 
are  as  follows : — ■ 

The  first  effect  of  the  earthquake  was  to  cause  the  -level  of  the  water  to  fall 
I  inch,  between  4-53  p.u.  and  i-$j  p.m.,  June  12th. 

At  4-55  P.M.  the  water  rose  suddenly  i  inch,  after  that 'the  change  in  the  water- 
level  was  normal  till  5  P.U.,  when  it  rose  and  fell  3  inches  in  rapid  succession  many 
times  for  a  period  of  3  minutes.  AEter  that  a  just  perceptible  alternate  rise  and  fall 
of  at  most  I  inch  continued  lill5>ai,  when  the  change  in  the  water-level  again 
became  normal ;  at  5-54  this  slight  agitation  recommenced  and  lasted  till  5-56. 

The  first  small  disturbance  between  4-53  and  4-55  p.m.  was 
doubtless  seismic,  and  is  the  only  indication  we  have  of  any  pre- 
monitory tremor.  It  was  not,  however,  a  sensible  disturbance,  at  any 
rate  there  is  no  record  of  its  having  been  felt  by  any  one,  and  it 
may  be  neglected  for  purposes  of  comparison.  The  main  disturbance 
commenced  somewhat  suddenly  immediately  after  5h.   om.  P.  M. 

Another  instrumental  record  was  obtained  at  the  Alipur  Observa- 
tory in  the  disturbance  of  the  barograph  trace,  a  reproduction  of 
which  is  given  in   fig.   6.     This  would  have   been  a  valuable   record 
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if  the  time  could  be  depended  on,  but  I  am  informed  by  Mr.  C. 
Little,  Meteorological  Reporter  to  the  Government  of  Bengal,  that 
no  special  care  is  taken  to  keep  the  time  strictly  accurate,  as  an 
error  of  one  or  two  minutes  is  not  material,  and  the  time  recorded 
on  this  diagram  is  not  to  be  depended  on  for  a  greater  accuracy 
than  this.  The  time  of  the  maximum  disturbance  is  about  5h.  3m., 
which  shows  that  error  of  the  clock  must  have  been  well  within  the 
limits  mentioned.^ 

The  only  detailed  time  observation,  other  than  instrumental,  which 

has  been  communicated  to    me,  is   that   of   Babu    Pyari  Lai  Mukho- 

padyaya,  of  71-1  Bencatola  Street,  who  writes: —    , 

"I  am  a  medical  practitioner  residing  in  the  native  quarter  of  the  town. 
Having  prepared  myself  for  my  usual  evening  round  at  about  two  minutes  short 
of  five  in  the  evening  of  the  12th  instant,  my  Garrhy  ready  at  the  door,  I  had 
a  short  chat  with  a  gentleman  waiting  for  me.  Just  as  I  was  stepping  in,  I  felt 
somewhat  giddy  and  questioned  myself  as  to  what  ailed  me.  I  thought  something 
wrong  in  the  head  and  waited  a  moment.  When  lo  !  everything  began  to  swing, 
and  I  found  my  mistake  out.  The  shocks  then  were  slight  but  rapid,  resembling  a 
sort  of  general  tremor,  and  the  directions  could  not  be  apparently  marked.  I 
immediately  took  out  my  watch,  which  was  correct  to  the  minute.  It  was  5h.  im. 
23s.  The  watch  had  been  compared  with  the  gunfire  the  very  same  afternoon. 
In  order  to  make  assurance  doubly  sure,  I  compared  it  with  the  gun-fire  the  next 
afternoon,  and  found  it  as  accurate  as  I  expected.  Some  15  or  20  seconds  must 
have  passed  before  I  could  collect  myself,  and,  making  allowance  for  the  distance 
from  which  I  heard  the  booming  of  the  gun,  say  some  12  seconds  it  takes  the 
sound  to  travel  that  distance,  the  exact  time  of  the  earthquake  must  have  been  at 
about  5h.  om.  51s." 

^  The  record  is  a  photographic  one,  a  ray  of  light  falling  through  a  narrow  slit  on  a  slowly 
travelling  band  of  sensitised  paper.  The  mercury  column  stands  in  front  of  this  slit ;  and,  as 
it  rises  and  falls,  protects  a  varying  amount  of  the  paper  Irom  the  action  of  the  light.  The 
downward  point  of  the  curve  during  the  earthquake  is  consequently  due,  not  to  an  actual  fall 
of  the  barometer,  but  to  a  disturbance  of  the  mercury  column  by  which  its  upper  surface  was 
caused  to  oscillate  and  admit  light  to  a  level  below  the  mean  height  of  the  barometer.  That 
such  movement  of  the  mercury  column  did  take  place  is  shown  by  the  report  of  the  Meteorc  lo- 
gical Observer  at  Cbandbali,  to  the  Meteorological  Reporter  to  the  Government  of  Bengal, 
in  which  he  says  "as  soon  as  possible  I  looked  at  the  barometer,  but  the  mercury  was 
agitated  to  such  an  extent  (pumping)  that  the  nearest  mean  reading  I  could  get  was  29*650. 
At  4  P.M.  it  showed  29*674,  Ther.  83°,  nearly  motionless;  and  at  5-30  p.m.  29700,  Ther.  83*, 
pumping  sl'ghtly." 

Fiom  the  construction  of  the  instrument,  no  tilting  of  it  as  a  whole  could  affect  the 
record,  as  the  change  in  height  of  the  barometer,  due  to  such  inclination  as  could  have 
been  given  to  it,  would  be  inappreciable. 
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From  Budge-Budge,  to  the  south  of  the  town  of  Calcutta,  Mr. 
Thomas  Harris,  Deputy  Wharf  Supervisor,  Costoms  Department, 
writes : — ■ 

"On  Saturday,  i3th  instant,  I  left  my  oSice  a  few  minutes  to  5  ri'dock  and 
proceeded  to  the  petroleum  depAt  to  auperviie  the  landing  of  kernsine  oil  cdses 
from  the  S.  S.  Hedjtd,  at  No,  3,  Port  Commissioner's  pontoon,  and  exactly  at 
5  o'clock  by  my  watch  (this  time  is  daily  compared  with  the  telegraph  office 
clock),  which  kteps  excellent  time,  I  felt  the  ground  beneath  mc  quake,  followed 
by  a  rumbling  sound. " 

At  the  Government  Central  Telegraph  Office  the  time  of  the 
commencement  of  the  shock  was  noted  by  Mr.  Sub-Assistant  Superia- 
tendent  Stow  as  \  minute  after  5. 

[  have  also  received  information,  both  verbal  and  written,  from 
many  individuals,  all  of  whom  claimed  to  have  noticed  the  time  of 
the  commencement  of  the  shock  and  determined  it  by  watches  which 
had  been  checked  by  the  daily  time-gun  at  one  o'clock.  The  times 
given  vary  from  i  to  3  minutes  past  five,  a  very  few  being  beyond 
that  limit.' 

The  times  recorded  agree  very  closely;  that  of  the  tide  gauge-, 
which  gives  the  commencement  at  5h,,  of  Babu  Pyari  Lai  Mukho- 
padyaya  who  makes  it  51  seconds  after  5,  of  Mr.  Harris  who  make.<i 
it  immediately  after  5  o'clock,  and  of  Mr.  Stow,  who  made  it 
^  minute  after  5.  All  are  in  very  fair  agreement  with  other  careful 
observations,  and  the  true  time  may  be  assumed  as  ahoat  5b.  im. 
P.H.  by  local  time. 

At  Howrah  Railway  station,  the  terminus  of  the  East  Indian  Rail- 
way, the  time,  accordingto  the  Station  Master,  was  i6h.  28m..  Madras 
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The  Station  Mabter  of  Sealdah,  the  terminus  of  the  Eastern  Bengal 
Railway,  gives  the  time  of  commencement  as  i6h.  27m. 

A  mean  of  these  returns  would  give  the  time  as  about  i6h.  27'5m. 
and  the  time  as  obtained  by  plotting  the  returns  from  the  stations  on 
the  East  Indian  Railway  and  smoothing  the  curve  as  described  above, 
gives  about  i6h.  27m.  40s.  as  the  time  of  commencement  at  Calcutta. 

Calcutta  local  time  is  conventionally,  in  accordance  with  the 
official  Telegraph  Guide.  33  minutes  in  advance  of  Madras  or  Railway 
time,  but  the  local  time  actually  used  is  that  of  the  daily  time 
signal  controlled  by  the  Alipur  Observatory,  which  is  32m.  20s.  in 
advance  of  Madras,  and  this  is  consequently  the  correction  to 
be  used.  In  the  case  of  Mr.  Harris'  record  from  Budge-Budge, 
as  the  time  was  obtained  from  the  Telegraph  office,  the  correction  of 
33  minutes  would  have  to  be  applied.  Reducing  the  observations  to 
Madras  on  standard   time,  we  have«> 

Tide-gauge i6h.    aym.    40s. 

i6h.    aSm.    37s. 


P.  L.  MuKhopadyaya    . 
Telegraph   Central  Office 
T.  Harris     .         .         . 
Railway  stations,  mean 
Do.    Smoothed  curve 


i6h.  28m.  I  OS. 

i6h.  27m.       OS. 

i6h.  27m.  30S. 

i6h.  27m .  40s. 


All  these  times  are  liable  to  an  error  of  30s.  and  cannot  be  regard- 
ed as  accurate  within  that  limit ;  an  arithmetical  mean  gives  i6h. 
27m.  49s ,  which  is  probably  as  close  an  approximation  as  circum- 
stances permit.  With  observations  so  few,  and  with  so  large  a  probable 
error  in  each  case,  more  refined  mathematical  treatment  seems  out  of 
place  and  would  only  lead  to  an  appearance  of  accuracy  which  has 
no  foundation  in  fact.  The  time  deduced  may  be  taken  as  accurate 
within  a  quater  of  a  minute,  and  the  local  time  of  commencement  of 
the  shock  was  between  5h.  and    5h,  om.  30s.  P.M.  of  local  time. 

At  Bombay,  which  was  beyond  the  limits  over  which  the  shock 
could  be  felt,  we  have  the  records  of  the  magnetic  instruments 
detailed  in  chapter  XI,  and  also  the  barograph  trace  which  exhibits 
a  disturbance  precisely  similar  to  that  of  the  Alipur  barograph. 
Mr.  Moos,  the  Director  of  the  Observatory,  tells  me  that  the  clock  of 
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this  is  regulated  with  the  same  accuracy  as  those  of  the  magnetic 
instruments,  and  that  the  time  derived  from  it  may  be  regarded  as 
accurate  within  one  minute  at  the  outside. 

Abstracting  the  results,  we  have  the  following  times  of  com- 
mencement and  cessation  of  movement  as  derived  from  the  records 
of  the  different  instruments:^ 

Com  men  cement.  Close. 

Declination t6h.  5nn.  tOb.  34111. 

Horiiontal  force  .         .         .         .         ,  iGh,  a.^m.  l6b.  36m. 

Verticalforce t6h.  O.Sm.  l6h.  um. 

BaroKrapb Oh.  5.5m.  l6h.  ta'Jm. 

It  will  be  seen  that  the  disturbance  of  the  horizontal  force 
instrument  commences  2^  minutes  before  that  of  the  declination, 
while  the  vertical  force  shows  no  disturbance  till  i^  minutes 
later.  The  disturbance  of  the  barograph  must  necessarily  be  purely 
mechanical,  and  the  early  commencement  of  the  disturbance  of  the 
horizontal  force  instrument  is  probably  the  same,  but  it  is  doubtful 
which  of  these  we  should  compare  with  the  commencement  of  the 
sensible  earthquake  at  other  places.  The  movements  which  affected 
the  horizontal  force  instrument  are  very  likely  due  to  the  small 
unfeit  tremors  which  run  in  advance  of  the  main  earthquake  wave 
and  gain  on  it  as  they  travel  from  the  origin.  This  being  so,  it  is  the 
barograph  and  the  vertical  force  instrument  that  more  closely  re- 
corded the  advent  of  the  phase  of  the  disturbance  which  corresponds 
to  the  commencement  of  the  felt  earthquake  at  places  further  east. 

How  far  the  difference  in  the  recorded  times,  i6h.  5'5m.  and 
l6h.  6*5m.  is  due  to   a  difference   in  the   sensitiveness  of  the   two 
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At  Rangoon  the  tide-gauge  shows  a  disturbance  of  the  curve 
commencing  at  about  5h.  36m.  P.M.  local  time,  and  lasting  till  6  P.M. 
As  there  is  no  Observatory  at  Rangoon  the  time  is  presumably  taken 
from  the  Telegraph  office  and  subject  to  the  correction  of  64  minutes 
given  in  the  Telegraph  Guide.  This  would  make  the  Madras  time  of 
commencement  i6h.  32m.  This  record  is,  however,  not  of  the  value 
that  could  be  wished  for,  and  the  time  of  commencement  of  the  dis- 
turbance of  the  curve  cannot  be  determined  within  two  or  three 
minutes.  It  begins  gradually,  instead  of  abruptly,  as  in  Calcutta,  and 
the  inking  in  of  the  pencil  trace  having  been  done  somewhat  clum- 
sily has  added  an  uncertainty  to  that  which  would,  in  any  case,  have 
attached  to  the  determination  of  the  exact  commencement  of  a  dis- 
turbance which  began  gradually. 

The  other  time  observations,  or  such  of  them  as  have  been 
selected  as  being,  primd  facie^  probably  more  accurate  than  the  rest 
may  now  be  recorded.  When  a  place  is  mentioned  as  a  railway 
station  and  no  further  authority  is  given,  the  time  is  on  the 
authority  of  the  Station  Master ;  in  all  other  cases  the  authority 
for  the  time  recorded  is  given. 

Siliguri. — Eastern  Bengal  State  Railway,  terminus,  and  junction 
with  Darjeelingand  Himalayan  railway :  commenced  i6'26,ended  16-30. 

Goalundo« — Eastern  Bengal  State  Railway,  terminus  :  commenced 
16-27,  ended  16-32. 

Sonada  (Darjiling),  Mr.  M.  Livermore,  manager  of  the  Turzum 
Tea  estate,  Nagri  spur,  writes—"  I  have  an  excellent  timekeeper 
which  I  frequently  compare  with  the  local  telegraph  office.  The  earth- 
quake commenced  at  4-58  p.m.*'  This  corresponds  to  i6h.  26m. 
Madras  time. 

Darjiling.— Darjeeling  and  Himalayan  railway,  a  terminal  station: 
commenced  16-26,  ended  16-29. 

Hugli. — East  Indian  Railway,  a  Junction  :  commenced  16-27,  ^^ded 
16-32. 
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Naibati.— Eastern  Bengal  Slate  Railway,  a  junction  ;  cothmenceJ 
16-28,  ended  16-31. 

Chittagong, —  Frcm  this  place  I  have  received  two  reports  through 
the  Telegraph  Department  which  approximately  fix  the  time  at 
which  the  earthquake  reached  that  place.  In  the  first  of  these  the 
Telegraph  Master  writes: — 

"  An  entry  by  Sign.  P.  S.  DeSouta  in  the  Lt^  Book  of  the  Ca  34  instrument 
reads  as  (qIIowi  :  '16-27  Kvere  shock  of  earthquake.'  Sign.  DeSouia  says  he 
made  this  entry  at  the  moment  the  shock  occurred  and  then  ran  out." 

The  second  is  the  account  of  Mr.  J.  W.  Thurlow.  Sub-Assistant 
Superintendent  of  Telegraphs  :— 

We  all  experienced  a  shock.  This  being  immediately  followed  by  a  second. 
I  drew  my  watch  and  noted  the  time,  vw.,  5h.  13m.  4s ,  •  •  these  shocks  did  not 
end  gradually  but  abruptly,  at  5h.  i6m  35s.  •  •  1  hurried  into  the  office  •  • 
and  at  the  same  time  compared  my  watch  with  the  office  clock,  allowiiig  46  mis.  as 
difference  between  Madras  and  local  time.  I  found  I  was  i  mte.  slow,  so  that 
Ihe  actual  time  of  occurrence  of  the  earthquake  at  Chittagong  was  sh.  14m.  I 
allowed  the  4  seconds  for  not  at  once  taking  out  my  watch  on  the  first  shock,  but 
I  really  do  not  think  I  was  later  than  4  seconds. 

Chittagong  local  time  is  46  mirutes  in  advance  of  Madras, 
according  to  the  Telegraph  Guide;  5h.  14m.  p.  m.  corresponds,  there- 
fore, to  i6h.  aSm.  Madras  time.  A  mean  of  the^e  two  observations 
gives  i6h.  27)m.  as  the  probable  time, 

Kbana, — East    Indian  Railway,   a   junction  :    commenced   i6>26, 
ended  16-33. 
On  the  westerly  line  we  have— 

Saraghat. — Easlern  Bengal  State  Railway,  terminus  of  metre- 
gauge;  commenced  16-38,  ended  i6-a84> 
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Chapra  (Saran). — The  telegraph  master  reports  the  shock  as 
commenced  16-294  and  lasting  4  minutes. 

Buxar.-^East  Indian  Railway:  commenced  16-30,  ended  i6«34. 

Benares. — Oudh  and  Rohilkund  Railway  :  commenced  16-30 
ended  i6-3if.  The  Government  Telegraph  Master  reports:  com* 
vienced  16-29^,  lasted  34  minutes. 

Mirzapur. — East  Indian  Railway:  commenced  16-31,  ended  16-35. 

Faizabad. — Oudh  and  Rohilkund  Railway,  a  junction  :  com" 
me  need  16-30,  ended  1^-32. 

Naini. — East  Indian  Railway,  a  junctftn  :  commenced  16-30^  ended 

i6-34i. 

Allahabad: — East  Indian  Railway,  an  important  station:  com- 
menced 16-30,  ended  16-34.  This  time  is  said  to  be  correct  within 
one  minute 

The  Telegraph  Master  reports  : — Commenced  16-30,  lasted  3- 
minutes.  From  the  Kuttra  telegraph  office  in  Allahabad  the. 
return  \\2is  commenced  16-33,  lasted  2m.  33s. 

Mr.  R.  Warneford  writes  that  the  mean  of  the  times  of  4 
\iatches,  wiiich  were  observed  at  once,  gave  the  commencement  as 
31^  minutes  past  4  P.M.,  the  greatest  difference  being  2  minutes. 

Cawnpur. — East  Indian  Railway,  an  important  junction  :  com* 
menced  iG^^Of  ended  16-32.  The  Government  Telegraph  Master 
gives:  commenced  16-30. 

Mr.  C.  Curtis,  Traffic  Superintendent,  Cawnpore  and  Achnera  Rail- 
way, writes  : — 

"  I  was  the  only  one  writing  at  the  time  and  first  noticed  the  earthquake  owing 
to  the  table  shaking  and  asked  the  others  not  to  shake  it.  They  replied  they  were 
not  doing  so^.and  I  saw  that  they  were  sitting  away  from  the  table  (not  touching 
it).  I  then  looked  under  the  table  thinking  it  might  be  a  dog,  scratching  himself, 
but  seeing  nothing  there,  and  the  table  still  shaking,  I  said  "It  is  an  earthquake/' 
the  station  master  immediately  looked  up  at  the  clock  in  the  telegraph  office  right 
in  front  of  him,  and  said  *  16-30.*  " 

Utrlpura. — 27  miles  from  Cawnpur  ;  the  Station  Master  reports  it  as 

*£elt  just  at  16 -31, when  No.  7  up  whistled,  who  is  arriving  here  at  i6-32.* 

Lucknow. — Oudh  and  Rohilkund  Railway,  an  important  junction; 

commenced   I.6-30,    ended  16-35.    The  Superintendent  of  Telegraphs 
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reports  that  he  noted  the  time  of  commencement  of  the  shock  as 
nearly  as  possible  i6h,  30m.,  the  same  time  being  noted  in 
the  Lucknow  telegraph  office  and  in  the  Dilkusha  office.  The  town- 
clock  in  the  People's  Park  stopped  at  16.30. 

Bareilly. — Oudh  and  Rohilkund  Railway)  a  junction  station  : 
tommencid  1(^-30,  ended  16-33.  This  is  evidently  a  mere  approxima- 
tion. Mr.  A.  L.  Bickers  told  me  that  he  observed  it,  eommetreed  16-32, 
ended  i6-35.  The  Telegraph  department  return  gives  the  time  of 
commencement  as  16-33. 

Hoshangabad. — Mr.  G.  G.  White,  Executive  Engineer,  give» 
the  time  of  commencement,  which  was  noted  on  the  spot,  as  4-33  P.  M., 
railway  time. 

Gwalior. — The  Telegraph  Master  reports  commenced  16-32,  ended 
16-34 ;  the  times  were  noted  in  the  log-book. 

Ghaziabad. — East  Indian  Railway,  a  junction  station  :  commenced 
16.32  ended  16-35.  This  time  is  said  by  the  Station  Master  to  be 
'correct  to  a  second)  the  times  were  tested  by  the  office  clock  imme- 
diately the  two  shocks  were  felt.' 

Delhi. — East  Indian  Railway,  an  important  station:  commenced 
16-30,  ended  16-33  '<  ***^  Telegraph  Master  reports  commenced  16-30, 

These  are  evidently  approximations,  being  the  nearest  half-hour. 

Kotah.— Captain  W.  Stratton,  Political  Agent,  reports  that  the 
shock  was  felt  at  4-29  P.M.,  railway  time,  which  is  telegraphed  daily 
to  Kotah,  and  was  carefully  taken.  It  is  evideat,  however,  that  this 
time  is  some  minutes  too  soon. 

Jaipur  (Rajputana).— Mr.  J.  R.  Irwin,  Resident,  writes  :  "  By  my 
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Dehegam. — Ahmedabad  and  Parantij  Karl  way  :  commenced  16-34} 
ended  16-34^. 

Bilimora»-*Bombay,  Baroda  and  Central  India  Railway :  f(7f»*- 
menced  16-35,  ^^ded  16-35^. 

These  four  stations  are  the  only  ones  in  Western  India  from  which 
the  returns  have  any  pretension  to  accuracy.  They  are  interesting; 
for  comparison  with  the  Bombay  records. 

To  the  south  there  are  two  isolated  stations  whose  records  couFd* 
not  be  advantageously  combined  with  the  above. 

Kharagpuf — 53  miles  from^on  Sini-Midnapur  Railway.  Mr.  C.  R^ 
Duggan,  Engineer  in  charge  of  this  district,  writes  :  — 

''The  vibrations  were  distinctly  felt  for  the  first  time  at  i6-29«  Madras  time,  the 
time  being  taken  by  my  watch»  which  conid  not  be  more  than  a   minute  wrong,  as> 
it  is  frequently  chedced   by  the  Railway   clock   in  the  Telegraph    office.    The 
movements  ceased  at  16  hours  31  minutes  15  seconds." 

Bezwada.— East  G>ast  Railway  :  commenced  16-29,  ^^ded  1631. 

Tlie  time  records  received  from  Burma  are  extremely  imperfect. 
The  returns  from  the  Station  Masters  not  only  exhibit  the  same 
irregularity  that  is  observable  in  those  from  the  branch  and  smaller 
lines  fn  India;,  but  there  is  besides  a  constant  error,  running  through 
the  whole  of  them,  which  can  only  be  explained  by  supposing  that 
there  was  an  error,  apart  from  that  referred  to  below,  in  the  time 
used  by  the  Railway  administration  and  supposed  by  them  to- 
represent  Madras  time. 

From  the  returns  by  Telegraph  Masters  I  select  the  following  as^ 
apparently  good  :<— 

Kindat  •         »  i'6h.  31m ,  Madras  time*. 


Kalewa 

Akyab- 

Ru 

Thayet-myo 

Allan-myo 

Hen2ada 

Le-myet-hna 

Yandoon 


i6h.  3oin.  5$.,      ,, 

i6h.  3Gm.  „ 

i6h.  26m. 
S-32  P.M.=  i6h.  31m. 
5-33  M  =i6h.  32m. 
5-34     ,1    =i6h.  34m. 

i6h.  32m. 

i6h.  28m. 


>» 
if 
fi 
it 
fi 
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All  the  other  returns  received  are  evidently  approximations  and 
in  many  cases  palpably  inaccurate. 

Though  these  times  are  given  here  as  appantly  good  records, 
it  has  not  been  possible  to  make  any  use  of  them,  as  it  was  found 
that  they  were  too  discordant.  There  is,  besides,  a  constant  error 
of  some  two  or  three  minutes  of  time  in  the  majority  of  them,  which 
is  easily  explicable.  The  daily  time  signal  originates  from  Madras, 
but  before  it  reaches  the  Burma  stations  it  requires  to  be  repeated 
so  often  by  relays  that  a  considerable  retardation  occurs.  I  have 
been  informed  that  when,  some  years  ago,  the  longitude  of  Man- 
dalay  was  determined  telegraphically,  it  was  found  that  the  ordinary 
daily  time  signal  was  between  two  and  three  minutes  late  in  arriving 
there.  This  error,  if  applied  to  the  time  records  from  Burma,  would 
bring  most  of  them  into  very  fair  accordance  with  those  from  Northern 
India,  but  as  the  error  exists,  and  as  its  amount  is  unknown,  it  has 
not  been  possible  to  harmonise  these  time  records,  and  no  further 
use  will  be  made  of  them. 

Turning  now  to  the  discussion  of  these  records,  we  have  those 
from  Calcutta  and  Bombay  forming  a  class  by  themselves  as  regards 
accuracy  and  authoritativencss.  The  others,  comprising  those  alone 
which  seem  on  the  face  of  them  good  observations,  fall  into  three 
geographical  groups,  The  first  of  these  comprises  a  series  of  stations 
running  north  and  sooth,  between  Calcutta  and  Darjiling,  and  those" 
lying  within  a  hundred  miles  or  soon  either  hand  of  this  line. 
The   second    forma   a    long  series   stretching  approximately   west. 
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and  extent  of  the  seismic  vertical  in  Chapter  X.  But  the  time 
observations  themselves  have  to  be  taken  into  consideration  in  this 
discussion,  and  for  this  reason  their  description,  and  the  investi- 
gation of  the  rate  of  travel  of  the  earthquake,  are  undertakqn  here, 
although  this  course  involves  a  certain  assumption  of  what  is  only 
established  in  subsequent  chapters. 

In  calculating  the  distances  of  the  stations  at  which  we  have 
time  reoords  from  the  epicentre,  it  is  necessary  to  assume  this  as  a 
point ;  but,  as  will  be  seen  later  on,  this  was  a  large  area,  and  it 
is  consequently  jjecessary  to  determine  what  point  to  accept  as 
that  of  departure  of  the  earthquake  wave.  Two  courses  are  open, 
either  to  take  a  central  point  in  the  focal  area  or,  as  all  our  stations 
lie  to  the  west,  one  near  its  western  limit.  In  either  case,  certain 
errors  are  possible. 

Supposing  the  earthquake  to  have  been  due,  as  suggested  in 
Chapter  X,  to  the  formation  of  a  great  thrust-plane,  the  movement 
probably  commenced  near  the  centre  and  spread  outwards.  Now  the 
""ate  at  which  the  fissure  spread  may  have  been  the  same  as,  greater, 
or  less  than,  that  at  which  the  earthquake  waves  travelled.  In  the 
latter  case,  if  we  assume  a  starting  point  at  the  western  limit  of  the 
focal  area,  it  is  evident  that  all  the  calculated  distances  will  be  less 
than  the  true  distances  which  the  earthquake  wave  had  travelled, 
for  the  wave  would  have  reached  the  assumed  centre  before  the 
disturbance  starting  from  that  point  was  originated.  If,  on  the  other 
hand,  the  formation  of  the  fissure  started  at  more  points  than 
one,  or,  if  it  spread  at  a  greater  rate  than  that  of  travel  of  the 
earthquake  wave,  then  all  distances  calculated  from  the  centre  of 
the  focal  area  would  be  greater  than  the  true  distance  travelled 
by  the  earthquake  wave.  The  probability  is  that  the  rate  of 
spread  of  the  fissure,  and  of  the  travel  of  the  earthquake  wave,  were 
practically  the  same ;  and  in  this  case  we  may  reckon  from  a 
point  near  the  western  end  of  the  focal  area  when  deducing 
the  rate  of  travel  of  the  disturbance.  An  assumed  centre  in 
Lat.    25°   45'   N.,    Long.    90°     15'    E.,    has    accordingly   been   used 
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in  all  the  following  calculations ;  this  being  more  or  less  of  a  com- 
promise'. 
'^•- '  Taking  this  as  the  starting  point,  ve  find  the  distances,  mea- 
sured along  tlie  surTace*,  to  Bombay  and  Calcutta  are  1208*3  '"'^  255-5 
statute  miles,  respectively,  white  the  time  interval  was  8  minutes. 
From  this  we  find  the  average  rate  of  travel  of  the  earthquake  wave, 
as  between  these  distances,  was  probably  119.1  miles  per  minute,  or 
3  kilometres  per  second.  The  time  interval  «annot  be  depended  on 
f<K'  absolute  accuracy;  it  might  possibly  he  as  much  as  one  minute  in 
error,  but,  seeing  the  nature  of  the  recorrfs  by  which  it  was  obtained, 
it  is  probably  not  more  than  half  a  mirrate  out  in  excess  or  defect. 
Assuming  this  as  a  probable  error,  we  get  the  values  of  the  rate  of 
propagation  as  — 


Twr: p^. — mn; 


Making  all  allowances  for  possible  inaccuracies,  there  remains 
the  fact  that  the  mean  rate  of  travel  of  the  earthquake  wave  at  the 
surface  of  tlie  earth  was  about  130  miles  a  minute,  or  3  kilometres 
a  second,  as  between  Calcutta  and  Bombay. 

The  remaining  observations  are  not  sufficiently  accurate,  or 
sufficiently  concordant  to  permit  of  their  being  advantageously 
treated  by  direct  calculation,  and  a  more  satisfactory  result  i» 
to  be  obtained   by    the  graphic    treatment    adopted    in  the    hodo' 


HATE  OF   PROPAGATION.  ^I 

till  the  time  observations  referred  to  above,  except  those  from 
Burma,  are  plotted,  the  series  of  stations  lying  nearly  west  of  the 
origin  being  distinguished  by  having  their  names  printed  below, 
while  those  which  lie  to  the  south  or  north-west,  off  the  general 
westerly  line,  have  their  names  printed  above. 

Taking  the   westerly  group   we  have,  in  order  of  their  distance, 
from  the  origin  : — 

Name  of  plate.                                                         Distance.  Time. 

Sara  Ghat 138  i6h.        dSnd. 

Damukdea       ••«•••••        140  i6h.        27m, 

Luckeeserai     .....•••        260  i6h.        29m. 

Giridih     ...••••••        270  i6h.        28m. 

Gaya       . •        •        336  i6h.        29m. 

Chapra    .••«.••         •.        349  i6h.        29|m. 

Buxar      •         • •        39i  i^h.        30m. 

Benares  ••..•.•••       44S  i6h.        2Qim,^ 

3om« 

Mirzapur 476  i6h.        31m. 

Faizabad.        ...•••••        496  i6h.        30m. 

Naini        •.•••••••        518  i6h.         30m* 

Allahabad       •«••••••       5I12  i6h.        30m., 

33m., 
3iini. 

Cawnpur.        ..••••••       613  i6h.        30m. 

Utripura.        •        .         •        .         •         ...        630  i6h.        31m. 

Lucknow          ••••••••        632  i6h.        30m, 

Bareilly 688  i6h.        32m., 

33m. 

Hoshangabad  .        •        .        •        •        •*        •        .  7^5  i^h.  35m. 

tiwalior  .         .•••••••  755  i6h.  32m. 

Ghaziabad       .•••••         .        •  812  i6h.  32m. 

Delhi 820  i6h.  3ora. 

Jaipur     ••••••••.  905  i6h.  3401. 

Anand i>io7  i6h.  35ni. 

Dabboda i>io9  i6h.  34m. 

Dehegam         •        •         •                 •        •        •        •  i>iii  i6h.  34im* 

Bilimora.         •         •        • i>ii7  i6h.  ssm. 

The  second  group  is  less  numerous  and  comprises — 

Parbatipur 7  i6h.  25m. 

Siliguri    .........  112  i6h.  26m. 

Goalundo 131  i6h.  27m. 

Sonada   » 160  i6h.  26m. 

Darjiling 167  i6h.  26m, 

Hugli 221  i6h.  27m. 

Naihati 223  i6h.  28m. 

Khana     .         •         •        * 237  i6h.  26m. 

Chittagong *         ...  237  i6h.  2710.9 

s8ni. 

Gidni       •......••  340  i6h.  29m. 

(7»  ) 
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The  third  group  of  observations,  those  from  Burma,  have  not  been 
utilised  for  reasons  given  on  page  68.' 

Turning  to  Plate  XXXIX,  we  see  that  the  observations  show  a 
fairly  regular  relation  between  the  time  of  commencement  and  dis- 
tance from  the  epicentre.  These  records  fall  so  well  together  that  it 
is  possible  to  draw  a  line  through  them,  which  represents  the  rat^ 
of  progression  of  the  earthquake,  and  from  which  we  can  deduce  the 
rate  of  travel  at  any  point  with  greater  accuracy  than  is  possible 
by  direct  calculation  from  the  times  recorded. 

Two  such  lines  are  in  fact  drawn  on  the  plate.  Of  these  the  one 
drawn  firm  Is  that  which  most  closely  passes  through  the  centre  of 
the  constellation  of  time  observations,  and  represents  the  probable 
true  curve  of  the  times  of  arrival  of  the  shock  at  different  places  ; 
the  other,  drawn  as  a  dotted  line,  is  that  which,  for  reasons  that  will 
appear  in  the  sequel,  is  theoretically  more  probably  correct,  though 
not  so  closely  in  accordance  with  the  recorded  observations.  In  either 
case  the  meaning  of  the  line  is  that,  taking  any  point  on  the 
line,  a  place  at  the  distance  from  the  origin  indicated  by  the  scale  of 
miles  at  the  bottom  would  have  felt  the  earthquake  commence  at 
the  time  indicated  by  the  scale  of  minutes  at  the  right  hand  end 
of  the  diagram.  Taking  first  the  gently  curved  firm  line,  and  tabu- 
lating the  results  obtained  from  this  we  find  that,  taking  i6h.  36m- 
as  the  time  at  which  the  earthquake  wave  first  reached  the  surface 
and  started  on  its  outward  course,  the  distance  travelled  in — 
I  minute  wms 170  miles. 
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5lh  minute  was I20  miks. 

6th      „        .,  '2o     M 

7th "4°      " 

8th       „        ..  'fo      M 

9th       ..        , '60     ,. 

From  these  tables  it  will  be  seen  that  the  slowest   rate  ot  travel 
seems  to  have  been  in  the  third  minute  and  the  third  hundred  miles. 
On  either  side  of  this  limit,  as  we  approach  the  centre  or  recede  from 
it,    there  is  seen  to  be  a  steady  and  regular  increase   in  the   rate  of 
travel.     This  is  evident  from  the  diagram  if  it  is  borne  in  mind   that, 
from  the    manner    in  which   it  was  constructed,  the  rate  of  travel    is 
indicated  by  the  slope  of  the  line  drawn,  the    more  nearly  horizontal 
this  is  the  greater  the  velocity  indicated,  and  the  more   inclined  the 
slower  the  rate     of  travel.     If    the  diagram    is  examined,  it   will  be 
seen  that  the  line  can  be  divided  into  two   parts,    one  near  the  origin 
which     is    concave    upwards — indicating    that  the   rate    of  travel    is 
diminishing — and    the  other  away  from    the  origin,  which   is  convex 
upwards,    indicating     a    progressive    increase  in   the   rate  of  travel. 
The  point  of  junction  of    these    two  parts  of  the  hodograph  is  that 
where  the     rate  of  travel    was  least  and   lies  at  about    280    miles 
from  the  origin. 

The  form  of  the  hodograph  drawn  on  Plate  XXXIX  resembles 
that  of  Schmidt's  hodograph*,  based  on  the  assumption  of  a  higher 
rate  of  transmission  of  the  earthquake  wave  in  the  deeper  seated  than 
in  the  more  superficial  portions  of  the  earth's  crust,  and  also  the  form 
of  the  same  author^s  modification  of  Seebach's  hyperbola,*  when  the 
curvature  of  the  earth^s  surface  is  taken  into  consideration,  and  this 
might,  at  first  sight,  seem  to  favour  its  acceptance  as  the  true  one. 
On  closer  examination,  however,  it  is  found  that  the  acceleration  at  a 
distance  from  the  epicentre  is  too  small  to  be  accounted  for  by  either 
of  the  hypotheses  taken  separately,  and  still  more  so  by  the  combin- 
ed effects  of  the   two  causes,    />.,    of   the    known    curvature   of     the 

'     Jahresheft  Ver.  f.  vatcrl.  Naturkunde  in  Wurttemberg,  1888,  p.  25+, 
'    Ibid,   1 8 JO,  p.  227. 
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surface  of  the  earth,  and  of  the  asiamed  increase  of  velocity  of  pro* 
pagation  with  the  increase  of  depth  of  the  wave-path. 

Rejecting  Schmidt's  hypotheses  as,  in  this  case,  requiring  a 
greater  variation  in  the  curvature  of  the  hodograph  than  is  indicated 
by  the  recorded  obaervations,  we  must  fall  back  on  Professor  Milne's 
suggestion  that  the  shock  which  was  felt  was  not  the  direct  result 
of  waves  propagated  from  the  centre  through  the  earth,  but  of 
waves  of  an  undulatory  nature,  originated  at  the  surface  in  the 
epicentral  tract,  and  propagated  outwards  along  the  surface,  at  a 
uniform  rate  of  travel. 

If  this  is  so,  the  apparent  variations  in  the  rate  of  travel  do  not 
exist,  and  the  hodograph  would  be  a  straight  line  which  may  be 
drawn  through  t  he  Bombay  and  Calcutta  times,  contioued  to  50  miles 
from  the  assumed  centre,  and  thence  carried  horizontally  to  the 
origin.  This,  which'  is  shown  by  the  broken  line  on  Plate  XXKIX, 
would  agree  with  the  recorded  observations  almost,  if  not  quite,  as 
well  as  the  cuved  line,  and  would  give  a  uniform  rate  of  propagation 
of  about  119  miles  per  minute  outside  the  epicentral  tract. 

So  far  as  the  time  observations  go,  there  is  nothing  to  enable  us 
to  decide  between  the  two,  for,  though  the  curved  line  more  closely 
represents  the  mean  of  the  abservations  plotted,  yet  the  straight  line 
does  not  anywhere  depart  from  it  by  more  than  abouthalf  aminuteof 
time,  while,  if  we  exclude  the  very  discordant  records  such  as  those 
from  Allahabad  and  Bareilly,  and  give  less  weight  to  those  which 
give  times  of  30  or  35  minutes  past  4  o'clock,  and  are  consequently 
merely  approximate   id   their   intention,  it   will   be   seen    that  the 
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ftlong  the  surface,  at  a  tolerable  uniform  rate   of  about    120   miles 
an  hoar. 

A  point  of  some  importance  to  determine  is  the  exact  time  of 
origin  of  the  shock  or  rather  that  at  which  it  first  reached  the  sur- 
face. In  doing  this,  we  may  take  the  records  of  places  within  the 
central  area,  such  asShillong,  and  deduce  the  time  directly;  or  obtain 
it  by  calculating  back  from  the  observations  at  places  outside  that 
area.  Of  these  two  methods  the  latter  gives  the  best  results,  at  any 
rate  in  this  case,  but  before  discussing  the  result  so  obtained, 
the  few  observations  that  were  made  in  the  central  area  may  be 
noticed. 

At  Shillong  the  exact  time  of  the  commencement  of  the  shock 
is  given  by  Mr.  J.  C.  Arbuthnott,  C.I.K.,  Deputy  Commissioner,  as 
5-1 1  or  5-12  P.M.;  the  Assistant  Superintendent  of  Telegraphs, 
Shillong  division,  in  his  official  report  says — '*  As  soon  as  the  shaking 
was  over,  I  looked  at  my  watch,  and  allowing  for  the  error  of 
my  watch  by  that  day's  time,  found  the  time  was  5.16  P.M.  I  esti- 
mated the  duration  of  the  whole  earthquake  to  be  about  li  minutes." 
This  would  place  the  commencement  at  from  5-14  to  5-i4i  P.M. 
Babu  Nishi  Kumar  Ghose,  Agent  of  the  Oriental  Life  Office,  writes 
that  his  time-piece,  which  was  regulated  with  the  gun  at  i  P.M.,  was 
stopped  by  the  earthquake  at  5-13  P.M.  Other  clocks  dug  out  of 
the  ruins  are  said  to  have  shown  times  varying  from  10  to  15  minuter 
past  5.  Taking  5-13  P.M.  local  time  as  a  probable  mean,  and  de« 
ducting  47m.,  the  correction  given  in  the  Telegraph  Guide,  we  obtain 
i6h.  27m.  as  the  probable  Madras  time  of  origin,  with  a  possible  varia- 
tion between  i6h.  25m.  and  i6h.  29m. 

This  estimate  can  be  checked  by  the  returns  from  other  places 
situated  within  the  central  area,  or  close  to  its  borders.  The  Tele- 
graph Master  of  Goalpara  reports  the  commencement  as  5h.  gm. 
P.M.,  or  i6h.  27m.,  Madras.  From  other  telegraph  offices  there  are 
either  no  returns  or  the  times  given  are  evidectly  mere  approxima* 
tions.     At  Kuch  Bihar,  which,  as  will  be  seen    in   chapter  X,   was 
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close  to  the  central  area,  if  not  within  it,  1  have  a  report  from  Babu 
Kedarnath  Mozutndar,  Superintendent  of  Works,  Kuch  Bihar  State, 
who  was  looking  at  the  clock  in  the  Lansdowne  Hall  at  the  time 
and  noticed  that  it  was  2  minutes  past  5  ([6h.  25m.,  Madras  time). 
The  Station  Master  of  Siliguri  gives  the  time  as  i6h.  26m,;  of 
Parbatipur  as  i6h.  25m.;  and  the  same  time  is  given  by  a  number 
of  neighbouring  stations  on  the  line,  being  probably  the  nearest 
even  5  minutes.  All  these  tend  to  confirm  the  ShiJiong  time,  and 
we  may  take  it  provisionally  that  the  time  of  origin  was  not  later 
than  about  i6h,  26m,  or  i6h,  27m.,  Madras  time. 

This  time  can,  however,  also  be  obtained,  with  a  greater  degree 
of  accuracy,  from  the  hodograph.  It  will  be  seen  that  none  of  the 
time  records  from  the  central  area,  just  referred  to,  have  been  incor- 
porated on  Plate  XXXIX,  the  reason  being,  partly  their  divergence 
and  the  absence  of  any  indications  that  any  one  of  them  could  be 
regarded  as  of  greater  accuracy  than  the  others,  and  partly  the  fact 
that  any  error  in  the  position  of  the  assumed  centre  would  intro- 
duce a  proportionally  very  large  error  in  the  deduced  distance,  an 
error  which  becomes  practically  negligible  in  the  case  of  the  more 
distant  stations.  This  being  so,  the  curve  of  the  hodograph,  for  its 
first  150  milfs,  has  been  filled  in  by  inference,  and  drawn  so  as  to 
harmonise  with  the  rest  of  the  curve  and  with  the  results  which  have 
been  obtained  from  other  earthquakes.  Consequently  the  point  at 
which  it  cuts  the  central  line  is  subject  to  all  the  risks  inherent  to 
the  method  of  extrapolation.  The  time  obtained,  i6h,  2em.,  Madras 
think  that  the  error  ( 
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Before  leaving  this  subject  it  may  be  well  to  devote  a  few  words 
to  the  consideration  of  the  degree  of  accuracy  of  the  results  obtained. 
This  I  regard  as  much  greater  than  might  reasonably  have  been  ex- 
pected, or  than  I  myself  expected,  from  the  data  available.  It  is 
true  that  the  hodograph  is  a  one-sided  one,  as  no  observations  of 
any  value  were  obtained  except  to  the  westwards,  and  to  this  extent 
its  value  is  discounted,  as  the  more  distant  observations  could  not 
be  checked  by  corresponding  ones  lying  in  a  different  direction  from 
the  centre.  On  the  other  hand,  the  observations  in  that  one  direc- 
tion show  a  surprisingly  close  agreement  among  themselves,  an 
agreement  which  is  in  no  way  the  result  of  the  selection  of  observa- 
tions on  account  of  their  concordance.  All  the  observations,  which 
are  given  in  this  chapter,  were  selected  in  the  first  instance  on  the 
grounds  stated  above  (pages  63  to  67),  because,  from  internal  evi- 
dence of  care  or  other  reasons,  they  appeared  intrinsically  more  trust- 
worthy than  those  which  did  not,  on  the  face  of  them,  appear  to 
possess  that  value  which  would  alone  make  it  worth  while  consider- 
ing them.  The  selection  was  made  before  the  distances  were  cal- 
culated, and  was  moreover  originally  made  at  a  time  when  it  was  still 
believed  that  the  earthquake  originated  in  a  very  different 
situation  to  what  afterwards  turned  out  to  be  the  case,  a  difference 
which  would  have  introduced  a  very  appreciable  modification  in  the 
relative  distances  of  all  the  places  lying  within  300  or  even  more 
miles  of  the  centre  finally  accepted. 

No  subsequent  additions  were  made  to  the  selected  list,  though 
there  are  a  large  number  of  observations  which  show  a  close  agree- 
ment with  the  times  deduced  from  the  hodograph,  nor  were  any  sub- 
sequently  rejected,  except  those  mentioned  in  this  chapter.  But 
briefly,  it  may  be  said  every  care  was  taken  to  prevent  the  results 
being  affected  by  any  bias,  conscious  or  unconscious,  and  they  may,  I 
consider,  be  accepted  as  accurate  at  any  rate,  within  an  error  of  less 
than  five  per  cent. 
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Chapter  V.— THE  RATE  AND  RANGE  OF  MOTION  OF 
THE  WAVE  PARTICLE. 

In  determining,  or  more  correctly  speaiciog  giving  a  numerical 
value  to,  the  violence  o(  an  earthquake,  there  are  two  quantities 
that  have  been  used ;  one  the  greatest  velocity  or  rate  of  movpinent  of 
the  wave  particle  and  the  other  the  greatest  acceleration  or  change 
in  the  rate  of  .moTement.  In  the  absence  of  self-recording 
seismographs  these  may  be  approximately  determined  by  the  size 
and  dimensions  of  objects  overthrown  and  by  the  distance  to 
which  objects  have  been  projected  by  the  earthquake. 

In  the  case  of  thii  earthquake  the  data  are  not  so  abundant 
as  could  be  wished  for,  owing  to  the  paucity  of  objects  suitable  for 
seismometry,  and  as  the  details  of  the  results  of  the  calculations 
are  given  in  Appendix  C,  together  with  a  short  discussion  of  the  vali- 
dity of  the  formulae  in  use,  they  will  not  be  repeated  here.  It  will  be 
shown  there  that  the  results  obtained  from  the  formutEe  which 
give  the  values  of  the  two  elements,  velocity  and  acceleration  of 
wave  particle,  are  not  in  accordance  with  each  other,  and  the  explana- 
tion of  this  want  of  accordance  discussed.  Here  it  will  suffice 
to  say  that,  even  if  we  cannot  compare  the  values  obtained  by  two 
different  formula;  at  two  different  places,  or  even  at  one  and  the 
same  place,  we  may  still  compare  the  results  obtained  1^  the  same 
formula  from  similar  data  and  so  see  whether  there  is  any  differ- 
ence noticeable  in  the  deduced  violence  of  the  shock. 
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In  each  case  higher  and  lower  accelerations  have  t^en  obtainedi  some  of 
which  have  been  rejected  for  reasons  given  in  Appendix  C.  Others 
represent  real  but  local  variations  in  the  rate  of  acceleration,  which 
is  known  to  vary  within  wide  limits  even  in  closely  adjacent  spots. 
The  values  given  are  what  appear  to  be  fair  average  ones  for  the 
whole  station. 

.  Comparing  these  results  it  will  be  seen  that  the  violence  of  the 
shock  was  practically  the  same  at  Shillong,  Gauhati  and  Sylhet^^ 
somewhat  more  at  Goalpara  and  less  at  Dhubri,  while  at  Silchar,  it 
was  decidedly  less.  It  is  to  be  regretted  that  no  numerical  value 
can  be  given  for  the  violence  of  the  shock  at  Rangpur  or  Kuch 
Bihar. 

At  Cherrapunji  the  shock  would  appear  from  the  figures  to  have 
been  slightly  less  violent  than  at  Shillong,  but  it  was  quite  as  de- 
structive, the  lesser  acceleration  being  apparently  made  up  for  by 
the  greater  range  of  movement. 

In  the  foregoing  passage  reference  has  only  been  made  to  the 
acceleration  in  a  horizontal  direction,  as  deduced  from  the  formula 
in  common  use.  This  has  been  employed  as  it  is  the  only  one 
available,  though  it  seems  certain  that  no  great  value  can  be  attached 
to  the  results  where,  as  in  the  present  case,  there  was  a  large  vertical 
component  in  the  motion.  At  Shiilong,  Gauhati,  and  throughout  the 
epicentral  tract,  stones  have  been  projected  upwards,  as  described  in 
Chapter  IX,  and  this  fact  shows  that  the  acceleration  in  an  upward 
direction  must  have  been  greater  than  that  of  gravity,  that  is  to  say 
more  than  32  feet  per  second  per  second.  How  much  greater  it  is 
impossible  to  say  but  in  places  it  may  have  been  four  or  five 
times  as  great. 

Put    into  simple    language  this  means  that  the  measured  violence 

^  It  muft  be  noticed  that  the  violence,  or  power  of  destruction,  is  not  the  same  as  the 
destructiveness,  or  destruction  actually  caused,  and  this  is  especially  true  where,  as  is  generally 
the  case,  the  terms  are  used  solely  with  regard  to  the  effects  produced  on  buildings.  Here  many 
other  considerations  come  into  consideration  besides  the  violence  of  the  shock. 
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of  the  shock  was  equal  to  that  of  a  sudden  arrest  after  a  fall  of  about 
8  feet-  That  the  effect  produced  on  human  beings  and  animals  was 
not  the  same  as  that  of  such  a  fall  is  not  diHicult  to  explain ;  it 
is  due  both  to  the  smallness  of  the  range  of  motion,  and  to  the  fact 
that  its  direction  was  oblique  and  not  directly  upwards,  thus  allowing 
the  muscles  and  joints  to  yield  and  so  diminish  the  violence  of  the 
shock. 

Fishes  were  diSercntly  situated;  attacked  on  all  sides- and  over 
the  whole  surface  of  their  body  by  a  blow  of  greater  violence  than  this, 
they  were  killed  in  myriads,  as  by  the  explosion  of  a  dynamite  cart- 
ridge. In  the  Garo  Hills,  even  where  the  rivers  had  been  unaffected 
by  landslips,  the  fine  fishing  pools  of  the  Sumesari  river  were  found' 
devoid  of  fish  ;  I  was  informed  too  by  the  Garos  that  the  number  of 
fish  caught  in  their  traps  was  phenomenally  small  in  1897,  and- 
that  for  days  after  the  earthquake  the  Sameswari  river  was  choked 
with  thousands  of  dead  fish  floating  down  from  the  upper 
reaches.  In  the  Borpcta  subdivision  of  the'  Kamrup  district  the  fishi 
were  killed  in  the  same  manner,  and  I  was-  informed  by  Captain 
Gurdon  that  on  his  way  tn  from  Nalbari  to  Gauhati  he  saw  two  float- 
ing carcases  of  Gangetic  dolphins  which  had  been  killed  by  the 
shock. 

At  Dilma,  in  the  Garo  Hills,Tgot  some  evidence  to  show  that  the 
shock  was  locally  of  sufficient  violence  to  disable  men.  I  was- 
informed  that  twoGaros  were  drowned  in  one  of  the  lakelets,  formed 
by  the  Chedrang  fault,  through  which  a  village  path  used  to  run. 
The  lakelet  is  due  to  the  damming  up  of  a  small  drainage  valley  by  the 
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The  way  in  which  forest  trees  have  been  snapped  across  in  the 

neighbourhood  of  these  faults,  as  described  in  Chapter  IX,  shows  that 
the  violence  of  the  shock  must  have  been  very  great,  probably  four 
or  five  tiroes  as  great  as  at  Shillong  or  Gauhati.  If  we  assume  that 
it  was  only  twice  as  great,  or  the  acceleration  at  least  64  feet 
per  sec,  it  would  be  equivalent  to  the  shock  of  sudden  arrest  after 
a  fall  of  64  feet;  if  three  times,  then  the  corresponding  fall  would  be 
144  feet,  and  so  on,  and  as  the  men  must  have  been  close  to  the  line 
of  fault,  where  the  focus  came  up  to  the  surface,  it  is  difficult  to  put 
a  limit  to  the  possible  violence  of  the  shock. 

This,  however,  is  conjecture,  incapable  of  support  by  numeri- 
cal estimates  or  calculation.  All  that  can  be  regarded  as  certain  is 
that  violent  and  destructive  as  the  shock  was  at  such  places  as 
Shillong,  Gauhati,  Goalpara,  it  was  still  more  violent  at  other  places 
Within  the  epicentral  tract,  where  fortunately  there  were  no  towns 
or  populous  settlements  to  feel  the  full  power  of  the  earthquake  to 
destroy. 

For  the  maximum  velocity  of  movement,  I  propose  to  take  only 
the  values  obtained  from  bodies  projected  by  the  shock.  These  give 
for— 

Goalparm  •  •  3»3oo  mm.  or  1 1  ft.  per  sec. 

Gauhati  •  .  2,400       ,,  „  S  „    „    ^ 

Rembrai  •  «  4,200       „  „  14  „    „    „ 

Silchar    •  •  •  45o       „  «,  1*5 »    »    n 

These  figures  do  not  come  near  those  of  some  other  earthquakes. 
For  instance,  if  Von  Humboldt's  statements  are  accepted,  the  maximum 
velocity  of  movement  of  the  wave  particle  must  have  been  80  feet 
per  sec.  in  the  Riobamba  earthquake  of  4th  February  1797,'  as 
against  14  feet  per  sec,  the  highest  recorded  here. 

Seeing    that    the     maximum    velocity,    maximum    acceleration, 

*  R.  Mallet,  Neapolitan  Earthquake  of  1857,  Vol   II,  p  340. 
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amplitude,  and  period  of  an  elastic  wave,  are  so  related  to  each  other 
that,  given  any  two,  the  others  can  be  determined,  it  might  be  thought 
that  from  the  data  available  we  could  deduce  both  amplitude  and 
period  of  the  earthquake  wave ;  and  from  the  data  so  obtained  to 
form  some  idea  of  the  violence  which  accompanied  the  high  velocity 
obtained  at  Rembrai.  When  this  is  attempted,  however,  it  is  found 
that  the  results  are  absurd,  and  the  only  possible  conclusion  that  c*h 
be  come  to  is  that  the  high  velocities  of  movement  required  to  ac- 
count for  the  way  in  which  stones  were  shot  through  the  air, 
to  a  distance  of  as  much  as  8i  feet,  were  not  those  of  the  earthquake 
wave,  but  due  to  bodily  displacements  of  the  ground  ;  movements 
which  left  the  hills  permanently  higher  than  they  had  been  before 
the  earthquake.' 

As  this  means  that  the  motion  of  the  ground  due  lo  the  earth- 
quake waves  was  complicated  by  movements  of  a  much  larger  scale 
of  a  very  different  character,  it  is  evident  that  we  cannot  employ  the 
high  velocities  obtained  at  Rembrai  to  form  any  sort  of  estimate  of 
the  acceleration,  or  violence,  of  the  earthquake  at  that  place.  We 
are  thus  deprived  of  the  only  means  of  attaining  even  an  approximate 
estimate  of  the  extreme  violence  attained  by  the  earthquake, 
and  must  remain  content  with  such  vague  guesses  as  have  been 
attempted. 


The  only  direct  measure  of  the  amplitude  of  the  wave,  or  of  the 
greatest  backward  and  forward  movement  of  the  wave  particle,  was 
at  Chcrrapunji.     Two  oblong  masonry  tombs,  slanding close  together 
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over  wl  ich  the  base  of  Ihe   tomb  has  slid.    The  pair    of  tombs  and 
the  depiessions  are  showa  in  section  in  fig.  7. 


W      -"^ 


Fie.  7.  Section  ol  tombs  in  the  cemetery  at  Chercapunji. 
The  edge  of  the  western  depression  has  the  grass  growing  undis- 
turbed up  to  the  edge  of  it,  and  along  the  edge  small  fragments  of  lime 
and  plaster  show  thai:  this  was  originally  in  contact  with  the  edge  of 
the  tomb,  which  has  now  moved  away  to  a  distance  of  18  inches.  On' 
the  east  the  edge  of  the  depression  is  raised  and  the  grass  and  earth 
forced  upwards  by  the  thrust  of  the  tomb  against  it;  the  breadth  ot, 
this  depression  is  10  inches. 

These  depressions  are  evidently  due  to  the  backward  and  forward 
movement  of  the  tombs  in  the  ground,'  or  rather  the  backward  and 
forward  movement  of  the  ground  against  the  tonibs,  Which' remained 
comparatively  stationary  in  consequence  of  their  inertia.  If  we 
assume  that  the  two  tombs  behaved  as  a  sitigle  mass,  but  that  after  the 
shock  they  were  left  in  a  position  slightly  different  from  their  original 
one,  the  range  of  motion  of  the  earth  would  be  l^ie  mean  of  the 
widths  of  the  two  depressions,  that  is  i^  inches.  Qut  the  earth  on  the 
east  has  obviously  been  forced  up,  while  that  on  the  west  has  not;  the 
movement  on  the  east  side  has  consequently  received  a  check  which 
that  on  the  other  has  not,  and  we  may  take  the  wider  deiiression,  18 
inches,  as  representing  therange  of  movement.  A  third  supposition 
is  that  the  two  tombs  have  not  exactly  retained  their  original  relative 
position,  but  have  been  pressed  closer  together :  if  this  was  due  to  ao 
easterly  movement  of  the  western  tomb,  then  i8  inches  would  rejwe- 
sent  the  range  of  movement  added  to  the  displacement  of  the 
G  2  (  83  ) 
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totnb,  while  10  inches  would  represent  the  range  of  movement,  less 
any  easterly  shifting  of  the  eastern  tomb  which  may  have  taken 
place. 

Whatever  the  interpretation  may  be  in  detail,  it  is  clear  that  the 
extreme  range  of  motion  cannot  have  been  less  than  10  inches,  may 
have  been  as  much  aa  18  inches,  and  was  probably  abont  14  inches; 
the  amplitnde,  or  range  of  wave  particle  on  either  side  of  its  original 
position,  being  half  these  amounts. 

Large  as  the  amplitude  appears  there  can  be  no  room  for  doubting 
its  correctness,  but  this  probably  does  not  represent  the  normal  ampli- 
tude. The  cemetery  at  Cherrapunji  is  situated  near  the  edge  of  a 
high  sandstone  scarp,  and  the  presence  of  this  free  surface  would 
lead  to  a  locally  greater  amplitude  than  what  prevuled  in  these  hills 
generally.  In  a  somewhat  similar  position,  on  the  Bilpakrim  plateau 
jn  the  Garo  Hills  district,  I  found  vacancies  separating  the  soil  from 
the  larger  rocks,  against  which  it  lay,  that  indicated  quite  as  large 
a  range  of  motion. 

At  Tura  I  obtained  some  direct  evidence  indicating  the  range 
of  motion.  The  house  occupied  by  Mr.  Dring,  of  the  American 
Baptist  Mission,  is  a  wooden  frame  house  resting  on  wooden  posts, 
which  are  not  continued  into  the  frame  of  the  house.  After  the 
earthquake,  Mr.  Diing  noticed  that  some  of  the  posts  bad  rocked 
in  the  ground  with  the  movement  (A  the  house,  but  others  had  stood 
firm  and  the  framework  of  the  house  bad  slid  over  their  top.  The 
extent  of  this  movement,  as  shown  by  the  marks  on  the  under  side 
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seen,  we  may  conclude  that  the  house  moved  10  inches  relatively  to 
the  ground.  In  either  case  the  relative  movement  was  probably  less 
than  the  actual,  for  the  houses  would,  to  some  extent,  be  dragged 
along  by  their  attachment,  and  it  may  be  taken  that  the  amplitude  of 
the  wave  at  Tura  was  not  less  than  6  inches,  or  the  total  backward 
and  forward  travel  of  the  wave  particle  12  inches. 

I  was  also  informed  by  Mr.  Dring  that  after  the  great  shock  was 
over,  he  went  across  to  a  neighbouring  house,  which  had  been  wrecked, 
and  on  the  road  he  saw  a  fissure,  the  opposite  sides  of  which  were 
moving  up  and  down  to  the  extent  of  a  couple  of  inches*  Besides 
these  measurements  of  the  range  of  motion  I  noticed  throughout 
the  Khasi  hills,  that  vacant  spaces  by  the  side  of  large  boulders 
were  common  and  frequently  four  or  five  inches  across,  even  when 
I  saw  them,  about  six  months  after  the  shock ;  originally  they  must 
have  been  larger,  and  it  may,  I  think,  be  taken  that  throughout 
the  whole  tract  lying  west  of  Shillong  and  Gauhati,  as  far  as  the  hills 
extend,  and  probably  over  a  large  area  of  the  plains  besides,  the 
amplitude  of  the  wave  motion  was  nowhere  less  than  3  inches, 
while  in  many  places  it  was  over  6  inches,  the  extreme  range  of 
motion  of  the  wave  particle  being  twice  these  amounts. 


Chapter  VI.- EARTH  FISSURES,  SAND  VENTS,  AND  ALLIED 

PHENOMENA. 

Fissures  in  the  ground,  and  the  formation  of  vents  from  which 
sand,  water  and  mud  have  been  poured  out,  are  phenomena  which  have 
been  known  to  accompany  almost  every  really  great  earthquake, 
and  even  moderate  ones,  where  favourable  conditions  have  existed, 
but  in  no  case,  of  which  there  is  historic  record,  have  they  been  so 
widespread  or  so  numerous  as  in  the  great  earthquake  of  1897. 

The  theory  of  their  formation  was  first  clearly  understood  in  the 
case  of  the  Cachar  earthquake  of  1869,^  and  the  explanation  has  been 

*  R.  Mallet  andT.  Oldham  :  Notice  of  Some  Secondary  EfiFects  of  the  Earthquake  of  loth 
Janoary,  1869,  in  Cachar :  Quart.  Jour.  Geol.Soc.,  XXVIII.  255-^70  (187a).  See  alio  Mem. 
Geol.  Surv.  Ind.,  XIX,  46-60.   (1882). 
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SO  generally  accepted  and  repeated  in  subsequent  memoirs  and 
textbooks  that  it  might  seem  uonecessary  to  reproduce  it  here. 
This  will,  however,  be  done  briefly,  in  order  that  the  additions  to  our 
knowledge,  consequent  on  the  effects  of  the  last  earthquake,  may  be 
more  clearly  understood,  and  the  repetition  will  besides  enable  me 
to  bring  out  more  clearly  the  fact  that  the  fissures,  which  are  formed 
by,  or  at  any  rate  are  observed  after,  a  great  earthquake,  belong  to 
two  distinct  types,  a  distinction  which  does  not  seem  to  have  been 
generally  recognised  and  sufficiently  emphasised  before  now. 

One  class  of  fissures  comprises  those  superficial  ones  caused  by 
the  disturbance  of  the  surface  soil,  or  occasionally  of  solid  rock.  These 
fissures  probably  start  at  the  surface  and  penetrate  down  to  the 
depth,  whatever  it  may  be,  tbat  they  reach.  They  are  a  result,  more 
or  less  indirect,  of  the  wave  motion,  which  has  been  set  up  elsewhere 
and  travelled  to  the  place  where  the  fissures  are  formed.  The 
other  class  is  ot  deep  seated  origin,  and  when  a  fissure  of  this  class, 
which  I  propose  to  distinguish  by  the  name  of  fracture,  appears  at 
the  surface,  it  may  be  taken  to  have  been  propagated  upwards  from 
below.  So  far  from  being  a  result  of  the' wave  motion,  fissures  of 
this  class  must  be  regarded  as  a  cause,  and  as  surface  manifestations 
of  the  deeper  seated  fracture  by  whose  formation  the  wave  motion 
was  originated.  In  their  immediate  vicinity  there  will  usually  be 
found  indications  of  ao  abnormal  violence  of  shock,  which  falls  off 
rapidly  on  either  side,  while  in  the  case  9f  fissures  of  the  first  class  no 
such  local  excess  of  violence  will  be  i^oticed.  Only  those  fissures 
which  fall  into    the  first   class   will   tp^,  noticed   here,   a   diacussiui 
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The  mode  in  which  the  fissureSi  with  which  we  are  at  present  con- 
cerned, are  formed  is  fully  dealt  with  in  Vol.  XXVIII  of  the  Quarterly 
Journal  of  the  Geological  Society  of  London^  and  at  page  5a  of 
Volume  XIX  of  these  Memoirs.  Jt  will  consequently  be  unnecessary 
to  go  over  the  same  ground  in  detail,  but  an  explanation  of  the 
process  involved    may  be  given  in  as  few  words  as  seem  compatible 


Fi|r.  8.  Diagfram  to  ntustrate  the  formatioh  of  earth  fissures. 

with  clearness.  In  fig.  8  let  ^  ^  represent  an  upper  stratum  of  the 
alluvium,  cut  by  a  river  channeli  and  0  0  2l,  sandy  or  muddy  bed  of  less 
cohesion, along  which  the  upper  stratum^ can  slide  over  the  lower  s  s. 
When  ^^  is  throwti  into  movement  by  the  earthquake  wave  there  will 
occur  a  time  when  all  the  particles  between  the  lines  a  and  6  will  be 
moving  towards  the  river,  and  all  to  the  left  will  be  moving  in  the 
opposite  direction.  In  these  circumstances  the  momentum  of  the 
mass  a  5,  which  is  partially  free  to  move  over  the  layer  0  (?, 
sets  up  a  strain  which  tends  to  part  the  surface  layer  at  a,  the 
plane  of  separation  between  the  portions  of  the  surface  layer 
which  are  moving  in  opposite  directiorts,  that  is  to  say,  in  opposite 
semiphases  of  the  wave ;  if  this  strain  is  sufficiently  great,  a  fissure 
will  be  formed  and  the  piece  a  6  will  move  forward  towards  the 
river  channel,  and  this  movement  may  well  give  rise  to  fresh  fissures  by 
the  strains  set  up  in  the  moving  mass. 

1  have  spoken  of  the  fissures  as  entirely  due  to  the  horizontal 
movement  of  the  wave  particle,  and  this  horizontal  movement  would 
of  itself  be  sufficient  to  account  for,  and  is  probably  the  main  factor  in 
their  formation,  but  for  the  ejection  of  sand  and  water  a  certain  amount 
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oF  vertical  mnvement  is  necessary.     In  fig,  g  suppvse  the  wave  to  be 


Pig.  9-  Diacimm  to  illutnta  tb«  [ormatioa  at  ttnd  Tentt. 

emerging  in  the  direction  oi  the  parallel  lines  in  ss.  The  upper  sur- 
face of  this  layer  will  move  upwards  against  the  stratum  0  0,  of  loose 
Band  or  mnd  and  water,  and  the  wave  motion  will  be  transmitted 
through  it  to  the  upper  layerj;.  But  the  inertia  of  this  will  cause  00 
'  to  be  strongly  compressed,  and  if  there  is  an  opening  through  to  the 
surface,  whether  pre-existent  or  a  fissure  formed  by  the  earthquake, 
this  pressure  may  be  sufficient  to  force  sandiand  water  to  the  surface. 
By  the  repetition  of  the  pressure  a  succession  of  spurts  may  be  forced 
up;  but  a  large  body  of  semiliquid  matter,  once  set  in  motion, does 
not  come  to  rest  at  once,  and  so,  by  the  momentum  of  the  moving 
water,  its  flow  would  be  made  more  or  less  continuous,  and  the 
sporting,  which  has  been  described  as  taking  place,  is  to  be 
attributed  to  a  closing  in  of  the  sides  of  the  fissure,  and  consequent 
forcing  out  of  the  water  between  its  walls,  rather  than  to  the  direct 
action  of  the  earthquake  wave  on  the  underlying  stratum. 

After  the  passage  of  the  earthquake  the  pressure  on  the  soft 
water  bearing  stratum  will  be  relieved,  and  the  water  which  had  been 
foi 
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in  fig.  8,  is  not  essential  to  the  formation  of  fissures  in  a  compressible 
material,  such  as  forms  on  alluvial  plain.  Throughout  the  region  where 
fissuring  was  common  the  fissures  are  certainly  more  numerous  and 
conspicuous  near  the  edges  of  river  channels,  or  of  the  artificial 
reservoirs  known  in  India  as  tankS|  but  they  are  not  confined  to  such 
positions  and  may  be  met  with  in  positions  where  they  cannot  be 
accounted  for  by  the  movement  of  a  portion  of  the  alluvium  bodily 
towards  an  excavation,  whether  natural  or  artificial. 

The  possibility  of  the  formation  of  such  fissures  is  a  direct  conse- 
quence of  the  soft  and  unconsolidated  nature  of  the  soil|  but  the 
mechanism  is  not  so  clear.  It  seems  improbable  that  the  inertia 
of  the  stretches  of  alluvium  thrown  into  movement  in  opposite  di- 
rections could  cause  this  compression  and  subsequent  separation 
along  the  lines  of  fissure  ;  the  late  Mr.  R,  Mallet  showed  that  they 
could  not  be  the  direct  result  of  a  wave  of  elastic  compression^ ;  and 
the  most  probable  explanation  is  that  their  formation  was  in  some  way 
connected  with  the  visible  undulations  of  the  ground,  induced  by  the 
earthquake,  which  travelled  as  independent  quasielastic  or  purely 
gravitational  waves.  Such  waves  traversing  the  alluvium  would 
throw  each  part  into  alternate  compression  and  extension  as  the 
surface  was  bent  into  a  concave  or  convex  curve,  and  in  a  compres- 
sible  material,  decidedly  lacking  in  elasticity,  this  might  easily  lead 
to  the  formation  of  fissures. 

A  very  noteworthy  point  about  these  fissures,  formed  away  from 
and  independent  of,  the  river  courses,  is  the  manner  in  which  they 
usually  run  parallel  to,  and  along  either  side  of,  any  road  or  embank- 
ment. It  is  a  well  known  mechanical  principle  that  where  there  is 
a  sudden  change  in  section,  in  other  words  a  sudden  change  in 
strength,  the  point  of  junction '  is  a  point  of  weakness,  and 
the  strength  at  that  point  is  less  than  it  would  have  been  if  one 
part  had  not  been  stronger  than  the  other.  For  instance,  in  a 
screw  bolt,  as  ordinarily  made,  the  portion  on  which  the  screw  thread 

*  Brit.  Ass.  Rep.,  1850,  p.  53. 
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is  cut  is  weaker  thar  the  shank  ;  If  the  screw  thread  ends 
abruptly  the  bolt  will  always  give  way  at  the  juoctioo  of  the  two 
parts,  this  being  a  point  which  is  weaker  than  any  other  in  the  bolt, 
and,  paradoxical  as  it  may  seem,  that  bolt  may  actually  be  made 
stronger  by  weakening  the  stronger  part  till  the  strength  of  the  bolt 
is  equal  at  every  point  of  its  length. 

This  principle  is  of  universal  application,  and  from  it  we  see 
how  the  heaping  up  of  an  embankment  on  the  surface  of  ths 
alluvium  produces  a  line  ol  weakness  along  its  base  on  either  side. 
Besides  this  cause  of  weakness,  we  have  the  fact  that  the  material 
for  the  embankment  U  naually  derived  from  a  row  of  borrow-pits 
on  either  side  of  the  hank.  These  two  causes  acting  together  give 
rise  to  a  special  aptitude  for  fracture,  and  we  find  nearly  every- 
where throughout  northern  Bengal  and  lower  Assam  that  the 
roads  and  railway  lines  were  bounded  on  either  side  by  a  set  of 
fissures  running  parallel  to  the  road  in  all  such  places  where 
fractures  have  not,  for  other  reasons,  been  formed  across  the  road. 

There  was  a  very  noticeable  tendency  for  fissures,  of  the  nature 
DOW  being  coniideted,  to  range  themselves  parallel  to  each  other, 
and  at  first  the  direction  was  not  unnaturally  presumed  to  be  at 
right  angles  to  the  direction  of  propagation  of  the  earthquake  wave. 
This  assumption  was,  however,  found  to  be  antenable  and  no  such 
general  rule  applicable.  Whether  any  connection  might  have  held 
good  between  the  direction  of  the  fissures  and  that  of  the  visible 
surface  waves  cannot  be  decided,  as  the  observations  are  too  scanty- 
It  is  certain  that  these  undulations  did  not  necessarily  travel  in  the 
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these  samp  peculiarities  would  encourage  the  formation  of  fissures 
in  the  same  direction  as  the  crest  of  the  waves,  or  s^t  right  singles 

to  it,  rather  than  in  any  other  direction. 

« 

In  his  official  report  on  the  earthquake  ip  Kuch  Bihar,  Mr* 
D.  R.  Lyall,  C.  S.  I.,  Superintendent  of  State,  remarks  that  where  the 
soil  is  sandy  the  usual  form  of  fissure  was  a  simple  opening  of  the 
soil,  but  in  the  racecourse  at  Kuch  Bihar,  where  the  soil  is  more 
clayey,  there  was  generally  a  double  fissure,  the  soil  between  which 
sank  from  a  foot  to  eighteen  inches,  and,  as  a  rule,  no  sand  issued. 
Near  Maimansingh  Mr.  Grimes  noticed  the  same  feature,  wh^re 
fissures  ran  on  either  side  of  the  road,  and  throughout  the  ^rea 
affected  by  fissuring,  it  is  common  to  find  tij^o  parallel  fissures  bound* 
ing  a  strip  of  sunken  land. 

Where  the  fissures  penetrate  down  to  a  bed  of  sand  or  alimei 
part  of  which  has  been  forced  out  through  the  fissures,  it  is 
easy  enough  to  account  for  this  subsidence^  but  it  may  aUo 
take  place  where  no  material  has  been  fprced  out  from  below. 
Suppose  two  parallel,  or  nearly  parallel  fissures  starting  irpm  the 
surface  and  gradually  approaching  each  pther  underground  so  as  to 
cut  off  a  wedge  shaped  piece  of  alluvium  as  shown  in  fig.  lo,  theu, 
as  the  vifave  reaches  such  a  position  that  we  have  opposite  semi« 
phases  of  the  wave  on  either  side  of  this  pair  of  fissures  and  the 
movement  of  the  wave  particles  away  from  the  fissures,  as  indicated 
by  the  lower  pair  of  arrows  in  fig.  lo,  there  will  bean  opening  of  the 


Fig.  10.  Diagram  to  illustrate  the  formation  of  fissures  in  alluvium. 

fissures  and  the  wedge  will  drop  down.  As  the  wave  passes  on  the 
action  is  reversed,  the  motion  of  wave  particles  in  both  semi- 
phases  will  be  inwards  and  the  wedge  will  be  compresssed,  as  indicated 
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by  the  upper  pair  of  arrows.  The  waves  pass  on,  the  first  condi< 
tion  is  resumed,  the  wedge  drops  3  little  further,  to  be  com- 
pressed once  more,  aod  the  process  is  repeated  and  the  subsidence  of 
the  wedge  continues  till  the  alluvium  has  attained  its  maximum 
possible  compression  or  the  earthquake  motion  ceases,  whichever 
occurs  first. 

Another  form  of  fissure,  which  is  much  akin  to  that  just  treated, 
in  as  much  as  it  is  due  to  compression  of  the  alluvium  and  not  to 
bodily  movement  at  a  free  surface,  is  the  fissure  which  so  constantly 
runs  along  the  junction  of  hill  and  plain  and  is  accompanied  by  a 
settlement  of  the  alluvium. 

All  along  the  foot  of  the  Kbasi  and  Garo  htlls,  wherever  the 
alluvium  of  the  plains  extends  up  to  foot  of  the  hills,  and  is  not 
separated  by  the  fan  of  a  local  stream,  the  alluvium  has  separated 
from  the  hill,  and  a  sudden  drop  of  from  1  to  5  feet  is  found.  This 
scarped  face  of  separation  is  very  marked  where  the  road  from  Tura 
issues  on  to  the  plain  of  the  Brahmaputra,  and  has  been  referred  to 
in  official  reports  as  a  proof  of  subsidence.  The  vertical  face  of 
separation  is  about  5  feet  high  and  at  Grst  sight  has  much  the 
appearance  of  a  true  fault,  but  on  closer  examination  is  found  to 
follow  the  windings  and  irregularities  of  the  foot  of  the  hills  in  a 
manner  which  makes  this  explanation  impossible. 

The  separation  along  the  foot  of  the  hills  is  not  confined  to  the 
alluvial  plain  of  the  Brahmaputra  hut  is  also  noUceable  in  the  case 
of  the  small  patches  of  peaty  alluvial  soil  found  ii 
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p  endicular  drop,  as  at  be,  fig.  1 1.     From  b  outwards  from  the  hill  was 


Fig.  II.  Diagram  to  illustrate  the  displacement  of  alluvium  along  the  foot  of  a  hill. 

a  depressed  area  of  from  lo  to  20  feet  broad  in  which  the  water  had 
accumulated  and  completely  flooded  the  fields  ;  immediately  outside 
this  was  a  strip,  d^  which  had  evidently  been  raised  above  its  original 
level,  for  the  water  could  no  longer  be  led  onto  it,  and  beyond  this 
came  the  alluvium,  'preserving  its  original  level  and  apparently 
undisturbed,  except  where  it  has  been  cut  by  fissures. 

These  features  clearly  reveal  what  has  taken  place.  The  thrust 
of  the  hill  and  plain  against  one  another  has  caused  the  alluvium  to 
be  thrust  forward  and  raised  into  the  low  ridge  or  roll  at  d^  while  on 
the  return  a  space  was  left  which  could  not  be  filled  up  by  the 
alluvial  soil  without  its  surface  being  lowered.  As  in  the  case  of  the 
depression  of  a  wedge  of  alluvium  referred  to  above,  the  action  was 
doubtless  not  completed  by  a  single  movement,  but  was  the  cumula- 
tive result  of  a  succession  of  waves  of  compression. 

On  the  borders  of  the  alluvial  plain  of  the  Brahmaputra  cul« 
tivation  does  not  extend  right  up  to  the  edge  of  the  hills,  and  we 
lose  the  datum  level  afforded  by  the  ricefields,  but  the  same  action 
took  place  there  also,  and  produced  the  same  result  In  no  case  was 
the  subsidence  other  than  local  and  confined  to  a  very  narrow  strip 
of  land  immediately  bordering  the  plane  of  separation;  in  some 
places,  as  on  the  road  from  Tura,  the  amount  of  subsidence  is  in- 
creased by  the  large  quantities  of  sand  extravas'ated,  and  the  impres« 
sion  of  a  general  subsidence  was  favoured  by  the  exceptionally  high 
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floods  which  rose  right  ap  to  the  foot  of  tbe  hills,  over  land  they 
never  covered  before.  As  will  be  seen  in  Chapter  IX  these  may  be 
accounted  for  withoct  invoking  any  change  of  level,  and,  though  it  is 
not  impossible  that  there  may  have  been  some  permanent  change  of 
level  it  certainly  dM  not  take  the  form  of  a  differential  change 
just  at  the  foot  of  the  hilfs,  nor  is  it  reasonable  to  invoke  an  ex- 
planation of,  which  could  not  be  applied  to  the  precisely  similar 
appearances  observed  elsewhere. 

In  the  foregoing  pass^es  the  opening  of  fissures,  where  they 
cannot  be  explained  directly  by  a  movement  of  the  superficial 
portion  of  the  alluvium  towards  at)  excavation,  whether  natural  or 
artificial,  has  bt«n  attributed  to  a  ditect  compression  of  the  alluvium 
consequent  on  tlie-  moAtentum  imparted  to  it  in  each  semiphase  of  the 
wave,  or  to  the  effect  of  6ard  rock  in'  contact  with  the  softer  alluvium. 
This  has  been  done  as  the  expla'dation  seemed  the  most  natural  and 
simplest,  bat  it  ffliist  be  poinf  ed  oiit  that  this  same  compressibility 
of  tlie  soft  alluviuu  ihay  peritttV  of  a  general  movement  of  the 
alluvium  ob  t  larger  scale  tlian  that!  indicated ;  and  several  in- 
stances'of  this  hbve  been' reported. 

When  the  intbrnipted  telegraphic  coirimuntcations  were  being 
restored,  ike  Repairing  parties  foubd  that  in  many  places  the  tele- 
graph'^oles,  which  had  originally  been  set  up  in  a  straight  line,  were 
displaced  to  the  extent  of  ten  ot  fifteen  fieet,  and  it  was  not  always 
possible  to  trace  any  connection  between  this  displacement  and 
'hbfiurhood  of  river  nr  stream  channels.     The  most  conspicu- 
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affected  is  several  hundred  feet.i  I  am  not  here  describing  the  shifting  *of  the 
permanent  way  on  the  bank,  or  of  the  bank  on  the  ground.  On  examining  the 
relative  position  of  embankment,  berm,  borrow  pits  and  trees,  it  is  evident  that 
the  lateral  shifting  is  due  to  the  displacement  of  the  ground  and  not  of  the  bank 
only  :  there  is  no  fissure  at  the  foot  of  the  bank,  no  wrenching  of  one  part  from 
the  other.  At  the  points  where  the  displacement  begins  and  ends  the  bank  was 
much  disturbed,  practically  wrecked,  but  there  was  no  clean  shearing  anywhere."  1/ 

From  Mr.  Grimes'  account,  it  seems  that  this  cannot  be  accounted 
for  by  a  movement  of  the  alluvium  towards  a  river  course,  for  the 
movement  is  parallel  to  the  only  river  course  in  the  neighbourhood  ; 
it  is  more  probably  attributable  to  the  local  presence  of  some 
yielding  bed  underground,  along  whose  upper  surface  the  superficial 
layers  were  able  to  move,  the  movement  being  taken  up  at  the 
margins  of  the  displaced  tract  by  a  gradual  compression,  extension! 
or  distortion  of  the  alluvium  in  a  manner  that  would  not  have  been 
recognisable  but  for  the  accident  of  the*  railway  line  crossing  this 
disturbed  tract. 

Another  effect  of  this  shifting  of  the  alluvium,  due  to  its  power  of 
yielding  to  compression,  was  to  be  seen  throughout  large  areas  of 
Northern  Bengal^  Lower  Assam  and  M'aimansingh.  Here  the  rice- 
fields,  which  are  most  carefully  levelled  to  allow  tKem  to  be  flooded 
to  a  shallow  and  uniform  depth;  were  found|  after  the  earthquake, 
to  be  thrown  into  gentle  undtilatfons  witli  a  difference  of  level  of 
occasionally  as  much  as  two  or  three  feet  between  crest  and  hollowi 
and'this  apart  from  any  changes  of  Ibvel  directly  due  to  the  opening 
of  fissures  or  sand  vents.* 


/ 


/ 


The  displacement  of  the  piers- of  bridges  might  be  attributed  to 
a  similar  cause.  I  do  not  refer,  at  present  to  the  displacement  of  the 
abutments  of  the  bridges,  or  the  shortening  of  their  span,  which  is 
everywhere   noticeable  in    the   fissured   tracts,     but  to   the   lateral       / 

^  In  reply  to  an  enquiry,  the  Chief  Engfineer  of  the  line  stated  this  to  ha(ve  beed 
3,400  feet. 

'  The  disturbance,  which  even  comparatively  deep-seated  beds  in  the  alluvium  were 
subjected  to,  is  evidenced  by  the  fac%  recorded  in  Mr.  D.  R,  Lyall's  offidal  report  to  the 
President  of  the  State  Council,  Kuch  Bihar,  that  eleven  bends  were  found  in  a  single  length 
of  pipe  in  a  Norton's  tube  well  when  it  was  taken  out  after  the  earthquake. 
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displacemeut  of  the  piers  whose  fouodatioDS  are  sunk  in  the  beds  of 
the  rivers  and  could  not  consequently  move  laterally  in  the  manner 
indicated  in  fig.  8.  Instances  of  such  shifting  are  mentioned  in 
Mr.  Hayden's  report  (Appendix  A),  and  the  effects  in  one  instance 
are  represented  in  Plate  VII,  where  it  will  be  seen  that  tbe  piers 
have  been  shifted  in  an  up  and  down  stream  direction,  and  also 
^ong.  the  length  of  the  bridge  in  such  manner  as  to  deprive  the  ends 
of  the  girders  of  their  proper  support.  Another  instance  is  shown  in 
Plate  XXVI,  fig.  2,  where  the  narrowing  of  the  space  between  the 
abutments  is  made  very  conspicuous  by  the  bending  of  the  band  rails 
and  the  projection  of  the  girder  over  the  abutmeots,  beyond  its 
original  bearings. 

Though  this  movement  of  the  piers  might  be  attributed  to  a 
general  movement  of  the  alluvium,  such  as  that  recorded  on  the 
Assam-Bengal  Railway,  it  is  more  reasonably  attributable  to  the  dis- 
turbing effect  of  the  forward  thrust  of  the  banks,  which  has  disturbed 
the  equilibrium  of  the  alluvium  under  the  river  bed  and  caused  its  dis> 
placement,  even  to  the  depth  of  the  foundations  of  the  bridge  piers. 

The  pushing  forward  of  the  abutments  of  bridges  was  universal 
throughout  the  fissured  tracts  ^d  is  referred  to  in  Mr.  Hayden's 
report  and  that  of  Mr,  La  Touche,\od  the  narrowing  of  the  river 
channels  seems  to  have  been  still  more  conspicuous  in  places  where 
there  were  no  massively  built  bridges  to  assist  in  supporting  the 
banks.    In  all  cases  it  is  due  to  tbe  throwing  off  of  tbe  unsupported 
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A  very  striking  result  of  the  displacement  of  the  alluviumi  whether  /\^ 

by  throwing  off  at  the  free  surfaces  of  river  channels  or  tanks 
or  otherwise^  was  the  bending  of  rails.  This  has  been  reported  and 
illustrated  before,  especially  in  the  case  of  the  Charleston  earthquake 
of  1886,  and  the  great  Japanese  earthquake  of  1891,  but  never  has  it 
been  exhibited  on  so- large  a  scale,  or  over  so  large  an  area  as  in  the 
earthquake  of  1897.  (The  splendid  series  of  photographs  taken  by 
Messrs.  Kapp  &  Co.,  of  the  effects  of  the  earthquake  on  the  Assanv 
Bengal  and  Easter n^  Bengal  Railways,  show  many  instances  of  this, 
but  none  so  striking  as  that  on  the  Tezpore-Balipara  tramway 
reproduced  on  Plate  VI  from  a  photograph  for  which  I  am  indebted*  7^^^  / 

to  Mr.  Kemlo.")  ^     f  ) 

This  bending  of  the  rails  is  uncontestible  proof  of  compression^ 
as  it  means  that  the  two  ends  of  the  rail  are  closer  together  than 
tliey  were  before  the  earthquake,  and  here  again  there  was  aa 
opportunity  of  determining  whether  there  had  been  any  general 
compression  of  the  country  or  not.  If  the  compression  of  the  rails 
was  only  a  local  manifestation  of  a  general  compression  it  would  be 
unaccompanied  by  a  corresponding  expansion,  whereas  if  the  com- 
pression were  only  local  and  due  to  displacements  of  the  alluvium 
by  the  actioa  of  the  earthquake  wave  there  should  be,  for  each  case 
of  compression,  a  corresponding  stretching  of  the  line  elsewhere  in- 
the  neighbourhood. 

With  the^object  of  ascertaining  whether  this  was  the  case  or  not 
special  enquiries  were  instituted,  of  the  managers  of  the  Eastern* 
Bengal  Railway  and  of  the  Tezpore-Balipara  tramway,  as  to  whether, 
each  case  of  compression  was  accompanied  by  a  corresponding 
extension  of  the  line  near  by,  or  whether  any  general  shortening  was 
noticed.  Unfortunately  repairs  had  already  been  carried  out  and 
detailed  measuremehts  could  no  longer  be  made,  but  the  replies 
distinctly  point  to  each  case  of  compression  being  accompanied  by 
breaks  in  the  line  indicating  an  expansion  which  was,  at  any  rate 
approximately,  equal  in  amount. 
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Mr.  ].  W.  de  Tivoli,  agent  aod  manager  of  the  Tezpore-Balipara 
tramway,  writes  :— 

/V  "No  meanirements  w^e  taken  at  the  time,  exoeptlng  of  the  biggttt  gap 
betwMn  the  ends  of  rails  where  the  line  was  torn  apart.  This  distance  was  5  feet 
6  inches  between  the  end  of  one  rail  and  the  other  rail  which  had  been  fished 
to  it.  This  break  occurred  73  yards  (measured  bjr  pacing)  from  the  bend  in  the 
raili  nearest  the  camera  in  the  photograph  (Plate  VI}  showing  the  two  bends. 
There  were  eight  other  breaks  between  Sessa  and  Rangapara  [44  miles),  the 
^'  break  being  in  all  cases  from  200  to  600  feet  from  the  places  where  the  line  was 
bent  out.  In  every  case  of  a  gap  there  was  a  corresponding  bend  or  bulge  within 
a  few  hundred  feet  as  above  stated.    All  the  damage  done  to  the  line  occurred 

.     where  the  subsoil  was  sand,  saturated  with  water.    Where  the  subsoil  was  compact 

'/     red  clay  there  was  no  damage  whatsoever." 

From  the  authorities  of  the  Eastern  Bengal  State  Railway  the 
information  received  was  of  the  same  general  tenour,  Mr.  J,  A. 
Anderson,  Engineer  in  Chief,  wrote  : — 

"  From  two  sketches  I  took  on  the  ground,  with  measurementsi  I  can  state 
(hat  in  one  case  two  rails  closed  up  i'8'in  48', and  in  another  3rails  closed  up 
i'  4'  in  a  distance  of  7a'  1  in  each  case,  beudes  a  large  amount  of  pulling  out  of 
joints,  there  were  sheared  fishbolts  and  gaps  of  5"  to  8"  at  each  side  of  the  com- 
pressed portion. 

There  were  several  lesaer  contortions  in  each  case  and  I  would  guess  the  total 
shortening  of  rails,  Including  closing  itp  of  joints  to  be  about  a' 6"  in  240'  ihb 
shortening  being  equated  by  the  pulling  out  of  some  30  to  40  jointa  on  each  side 
and  the  gaps  above  mentioned  of  5"  to  8". 

In  ordinary  line  the  joints  could  close  up  a  little  less  than  i"  each,  and  could 
open  out  a  little  more  than  i"." 

Mr.  G.  Moyle,  Superintendent  of  Works,  wrote  :— 
"  Platelayers  had  to  cut  out  such  a  la^e  number  of  bent  rails  and  close  up  ao 
many  jCHnts  that  I   am  almost  certain  they  kept  no  record  that  1  can  supply, 
with  as  near  an  approach  to  accuracy  as  possible,  the  general  efiect  of  the  earth- 
lermanent  way. 
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In  all  otlier  cases  cranking  at  one  place  was  always  aocpmpanied  by  tearing 
at  one  or  other,  or  on  both,  sides  of  the  cranked  rails,  sometiiries  about  80  yards 
away,  but  usually  much  further,  and  m  a  few  cases  upwards  of  a  quarter  of  a  mile 
away.  As  a  rule,  rail  joints,  when  torn,  only  opened  about  3"  but  in  some  cases 
they  opened  out  considerably  more,  and  in  a  few  instances  as  much  as  lo''  or  ii*^. 
1  do  not  remember  any  case  of  the  rails  being  torn  asunder  without  cranking 
occurring  in  the  vicmity." 

From  these  statements  it  is  obvious  that  the  shortening  of  the 

rails  does  not  necessarily  indicate  any  general  compressioni  and  that 

it  is  rather  to  be  attributed  to  local  displacements  of  the  alluvium, 

whereby  a  compression  in  one  place  is  compensated  by  an  expansion 

elsewherci  and  generally  at  about  300  yards  away. 

So  far  I  have  considered  only  the  effects  of  the  horizontal  com* 
ponent  of  the  wave  moti<>n,  or  at  any  rate,  the  effects  which  might 
have  been  produced  had  there  been  no  vertical  component  of  the  wave 
motion.  We  now  come  to  the  consideration  of  those  effects  which  can 
only  be  explained  by  supposing  that  the  wave  motion  had  a  vertical 
compoaent,  in  other  words,  that  the  movement  of  the  wave  particle 
was  to  a  certain  extent  up  and  down  as  well  as  from  side  to  side. 

First  of  these  come  the  sand  vents,  and  the  first  thing  to  be 
noticed  is  that  in  some  cases  they  were  not  formed  till  after  the 
earthquake  shock  had  passed  away.  On  this  point  the  evidence  of 
Mr.  D.  R.  Lyall's  account  is  decisive  in  itself ',  and  a  similar  statement| 
to  be  fovnd  in  the  reports  of  Captain  Gurdon  and  of  the  Magistrate 
of  Bogra,  who  records  that  the  bhorkas  or  sand  craters  appeared  after 
the  earthquake  bad  ceased*. 

This  appearance  of  sand  ventSi  after  the  actual  movement  of  the 
earthquake  wave  had  passed  away,  is  easily  explicable,  as  the  result 
of  the  momentum  imparted  to  the  water  bearing  stratum,  a  momenture 
which  could  not  be  immediately  absorbed,  and  was  in  some  cases 
sufficient  to  force  the  sand  and  water  through  the  overlying  beds 
weakened,  as  they  doubtless  were  in  places,  by  the  earthquake  which 
had  passed  away. 

'  See  p.  ad.  '  See  Appendix  B 
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Less  obvious  of  explanation  is  the  fact,  which  appears  well 
authenticated,  that  the  issue  of  sand  and  water  went  on  in  some  places 
for  several  hours  after  the  earthquake  was  over.  In  the  case  of  the 
earthquake  of  Vostiizla,  on  36th  December  1861,  Or.  J.  F.  J.  Schmidt 
observed  that  some  of  the  vents  then  formed  continued  active  for 
two  hours  after  the  shock  had  passed,  but  the  activity  was  in  this  case, 
due,  to  the  issue  of  gas,  smelling  strongly  of  sulphuretted  hydrogen, 
the  product  of  decaying  organic  matter.  In  the  case  of  the  present 
earthquake,  too,  some  of  the  reported  cases  of  continued  activity  of 
the  sand  vents  were  due  to  the  deceptive  appearance  produced  by 
the  rising  of  gas  bubbles  through  the  water  which  filled  the  depres- 
sions in  the  craters,  but  there  Is  still  a  sufficient  residuum  of  credible 
accounts  which  point  to  a  real  outflow  of  water  from  the  vents  for 
some  hours  after  the  earthquake,  in  some  cases  said  to  be  for  24 
hours. 

In  Captain  Gurdon's  account  he  distinctly  says  that,  the 'sand 
geysers  were  subsequent  to  the  great  shock  and  continued  for  quite 
half  an  hour.'  In  the  Assam  Government's  official  report  on  the 
earthquake,  it  is  said  that  at  Gauhati  the  bubbling  lasted  for  24 
hours;  other  accounts  from  different  parts  of  Bengal,  which  it  Is 
needless  to  quote  in  detail^  mention  the  discharge  as  continuing  for 
13  or  34  hours,  periods  which  evidently  do  not  represent  accurate 
periods  of  time,  but  may  be  interpreted  as  some  or  several  hours. 

Captain  Gurdon's  more  moderate  statement  is,  however,  sufficient 
to  show  that  there  are  cases  ia  which  the  issue  of  sand  and  water 
may  continue  for  a  longer  period  of  time  than  is  explicable  by  the 
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beio^  and,   were  there  a  free  Outlet,  it  would  sink   into  or  dn  to-th^t/';  ., 
sandy  layer  til!  this  had  been  compressed  as  far  as  the   superin-' 'V   .-: 
cumbent  weight  could  compress  it.      In   the   normal   condition   of  -  '; 

affairs,  however,  the  continuity  of  the  surface  layer  allows  of  no 
free  outlet  of  sand  or  water.  The  earthquake  not  only  opened 
such  outlets  but,  by  the  disturbance  of  the  sand  below,  doubtless 
loosened  it  and  made  it  more  mobile,  and  as  the  specific  gravity  of 
the  surface  layers  was  greater  than  that  of  the  water  mixed  with 
sand  which  issued  from  the  fissures,  the  blocks,  into  which  the  former 
was  broken  up,  settled  gradually  down  on  to  and  into  the  underlying 
quicksand,  forcing  up  the  superfluous  water)  which  carried  with  it  a 
certain  amount  of  sand^ 

It  is  probably  to  this  settlement  of  the  surface  layers  that,  in 
riiany  parts,  there  was  a  conspicuous  absence  of  the  deep  crateriform 
hollows  due  to  the  washing  down  of  material  by  the  indraft  of  the 
water  returning  after  the  passage  of  the  shock.  The  absence  of  the 
scoring  of  the  sides  of  the  craters,  so  well  shown  in  the  photographs 
taken  after  the  Cachar  earthquake  of  1869  was  due,  doubtless,  to 
their  obliteration  by  the  heavy  rains  which  fell  immediately  after  the 
shock,  but  the  crateriform  hollows,  shown  so  conspicuously  in  Plates 
X  and  XI,  are  in  many  places  wanting,  and  all  that  could  be  seen 
were  low  rings  of  sand  with  a  shallow  hollow  in  the  centre. 

The  force  with  which  the  sand  and  water  issued  from  the  vents 
was  evidently  considerable.  In  many  accounts  it  is  vaguely  stated 
that  the  fountain  rose  to  as  much  as  10  or  15  cubits,  but  these 
may  be  rejected,  unless  the  phrase  is  meant  to  apply  merely  to  stray 
splashes,  which  may  easily  have  risen  to  that  height.  In  the  Charles- 
ton earthquake  of  1886,  it  was  found  that  the  branches  and  leaves  of 
trees  standing  over  some  of  the  vents  bore  splashes  of  mud  up  to 
a  height  of  13  feet  above  the  ground,^  and,  considering  the  much 
greater  scale  of  this  earthquake,  it  is  easy  to  suppose  that  stray 
splashes  may   have   risen  to  even  greater  heights.     The  main  body 

'  U.  S.  Gcol.  Surv.,  9th  Annual  Report,  p.  2S9  (18S9). 
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.  x^l-fif  -Ae  water  and  sand,  however,  did  not  rise  to  anything  like  this 
;'''"faeight,  though  there  ia  ample  evidence  that  ia  manjr  cases  it  rose  in 
a  solid  column  to  a  height  of  3  to  4  feet  or  more. 

Mr.  R.  R.  Morgan,  Superintendent  of  Pilots  on  the  Brahmaputra 
river  informed  me  that  he  was,  at  the  time  of  the  earthquake,  proceed- 
ing up  the  river  and  was  an  hour's  run  from  Dhubri.  The  first  sensa- 
tion felt  made  him  think  the  steamer  had  run  aground,  and  on  going 
on  deck  he  saw  two  spouts  rising  one  on  the  north,  and  the  other  on 
the  south,  whose  height  he  estimated  at  is  feet. 

Other  credible  accounts  do  not  place  the  height  at  so  high 
a  figure,  though  this  need  not  impugn  the  statement  of  Mr,  Morgan, 
as  it  is  probable  that  locally  aad  for  a  short  time  the  water  was 
forced  to  a  greater  height  than  the  average. 

A  few  of  these  accounts  may  be  noticed.  At  Nalbari,  in  the 
northern  part  of  the  Kamrup  district,  Captain  Gurdoo  observed  the 
water  rising  to  a  height  of  from  3  feet  to  4  feet ;  Rai  Bahadur  Madbub 
Chandra  Bardolai,  Subdivbional  Officer  of  Barpeta,  reports  that  the 
sand  and  water  rose  to  heights  varying  from  a  to  ta  ft. ;  in  a  report 
by  Devendra  Bijoy  Sur,  Munsif  of  Isvarganj  in  Maimansingh,  he 
states  that  he  saw  several  vents  being  formed  and  estimated  the 
height  to  which  the  water  rose  at  10  feet ;  at  Rangpur  the  venta  were 
seen  in  action  by  Mr  }.  Elison,  who  observed  them  to  rise  In  a  sa4id 
column  of  sand  and  water  to  a  height  of  about  i  feet  6  inches 
to  3  feet.  In  chapter  H,  there  will  be  found  accounts  of  eye- 
witnesses who  estimate  that  the  sand  and  water  rose  to  heights 
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extent|  it  is  reported  that  trunks  of  trees  were  thrown  out,  and  front 
places  near  the  foot  of  the  Garo  Hills  the  presence  of  lumps  of  coal 
and  fossil  resin  is  recorded.  The  specific  gravities  of  these  sub- 
stances is^  however,  low,  and  they  might  be  raised,  even  in  pieces  of 
considerable  size,  by  no  more  rapid  a  current  than  was  necessary  to 
raise  the  sand. 

This  explanation  will  not,  however,  apply  to  two  recorded  cases 
of  heavy  substances  being  ejected.  In  the  north  of  the  Tezpur 
district,  near  the  Bhoreli  river,  waterworn  pebbles  of  hard  rock  were 
thrown  out  with  the  sand,  and  at  Haldibari,  in  Northern  Bengali 
lumps  of  "lava"  weighing  as  much  as  half  a  pound  were  thrown  out 
with  the  sand.  On  exanlination  this  proved  to  be  what  is  known 
in  India  as  jhama^  the  overburnt  bticks  from  the  lining  of  the  fire* 
chambers  in  brick  clumps ;  it  had  undergone  a  iriarked  decomposition 
and  the  fragments  had  acquired  a  whitish  coating ;  they  were 
evidently  the  renlains  of  an  old  brick  kiln,  which  had  long  been  buried 
and  were  washed  up  with  the  sand  and  water  as  it  issued  from  the 
ground. 

In  the  inspection  notes  of  Lieutenant  Colonel  H.  St.  P.  Maxwell, 
C.S.L,  Officiating  Commissioner  of  the  Assam  Valley  districts^  two 
instances  are  mentioned  which,  if  accepted  as  they  stand,  would  lead 
to  a  very  exaggerated  idea  of  the  force  with  which  the  sand  and  water 
issued,  and  for  that  reason  must  be  noticed  her^.  The  first  of  these 
is  at  Nowgongj  where  it  is  said  that  the  ejection  of  the  sand  had 
such  force  that  covers  of  wells,  imbedded  in  mortdr,  were  hurled  aside. 
The  second  is  at  Goalpara,  where  it  is  said  that  a  well  was  altogether 
filled  with  sand  and  a  portion  of  the  wooden  cover  was  hurled  30 
feet  distant  where  it  lies  half  buried. 

The  first  mentioned  instance  I  was  not  able  to  examine  person* 
ally,  but  the  statement  that  the  force  of  the  issuing  sand  and  water 
was  sufficient  to  detach  the  wooden  well  covers  may  be  accepted 
as  correct ;  the  other  statement,  regarding  the   well   at   Goalpara, 

*  Printed  in  the  appendix  to  the  official  report  of  the  Government  of  Assam. 
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is  also  correct  if  taken  literally,  but  not  in  the  interpretatfon 
which  would  naturally  be  put  on  it  that  the  well  cover  was  hurled 
through  the  air  to  its  present  position ;  while  the  true  facts  are,  in  a 
way,  even  more  remarkable  than  Colonel  -Maxwell's  description 
would   indicate. 

The  well  in  question  was  a  brick  well  surrounded  by  four  brick 
pillars  $  feet  high  by  I  feet  3  inches  square,which  supported  a  wooden 
framework  carrying  pulleys  for  convenience  in  drawing  water.  Of 
these  three  remain  standing,  though  cracked,  while  the  fourth  is 
missing.  The  well  stands  just  on  the  line  of  one  of  the  fissures 
which  opsned  in  the  Goalpara  bazar,  and  from  which  large  (quantities 
of  sand  were  poured  forth.  This  issue  of  sand  was  naturally  espe- 
cially abundant  at  the  well,  and  the  flood  of  sand  and  water  picked 
up  the  broken  pillar  and  floated  it  65  feet  to  N.  50°  E,,  from  its 
original  position  to  the  spot  where  it  now  lies.  The  wooden  well- 
cover  I  did  not  see,  as  it  had  probably  been  removed  before  my 
«sit 

It  will  be  seen  from  this  that  we  have  not  to  do  with  an  actual 
projection  of  the  masonry,  and  probably  not  of  the  wooden  well- 
cover  cither,  but  still  the  force  of  the  rush  of  sand  and  water  must 
have  been  great  to  enable  it  to  pick  up  a  mass  of  brick-work  of  about 
6  cubic  feet  in  volume  and  carry  it  65  feet  from  its  original  position. 

Closely   connected    with  the   formation  of   sand  vents  was  the 
filling  up  of  river  channels,  tanks,  wells,  and  all  other  depressions  or 
a  large  area.     In  part  this 
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forcing  \ip  of  the  central  piers  of  the  bridges  shows  that  the  filling 
tip  of  the  channels  was  due  to  an  actual  raising  of  their  beds,  and 
not  to  the  outpouring   of  sand   through  vents  and  fissures. 

The  mechanism  of  this  effect  is  easy  to  understand.  If,  instead 
of  the  continuous  stratum  represented  in  figs.  8  and  9,  we  suppose  it 
partially  cut  through,  as  in  fig.   12,   by  the  tank  T,  the  well   W  of 


.?. / 
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Fig.  13.  Diagram  to  illustrate  the  filliog  up  of  stream  channals  and  excavations. 

the  stream  bed  R,  it  is  obvious  that  these  introduce  areas  of  special 
weakness  and  that  when  pressure  is  brought  to  bear  on  the  bed  of 
loose  sand  it  is  at  these  spots  that  the  overlying  layers  of  alluvium  will 
most  readily  yield.  Owing,  however,  to  the  area  over  which  yielding 
takes  place,  it  will  often  happen  that  pressure  is  completely 
relieved  without  any  actual  outpouring  at  the  surface,  and  as  the 
same  amount  of  relief  can  be  given  by  a  lesser  actual  rise  where  the 
area  is  large  than  where  it  is  small,  the  raising  of  the  floors  of 
depressions  will,  cxteris  paribus^  be  inversely  proportional  to  the 
area.  This  is  in  accordance  with  experience ;  the  greatest  raising 
is  usually  observed  in  wells,  and  these  have  often  been  affected  when 
there  has  been  no  noticeable  change  in  tanks  or  watercourses. 
Next  to  wells  narrow  watercourses  have  been  most  affected,  while 
in  large  tanks  and  natural  pools  the  raising  of  the  bottom  has  been 
less  than  in  water  channels  of  equal  depth  but  smaller  width  in  the 
neighbourhood. 

This  filling  up  of  river  channels  took  place  over  a  large  area,  but 
probably  nowhere  so  conspicuously  as  in  the  tract  of  lowland  which 
lies  between  the  foot  of  the  Garo  Hills  and  the  Brahmaputra.  This 
tract  is  intersected  by  numerous  channels,  which  carry  a  limited 
drainage  in  the  dry  weather,   but,  when  the  Brahmaputra  is  in  flood' 
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help  to  carfy  off  the  furplus  waters  ttat  would  otherwise  submerge! 
the  country  they  drain.  Before  the  earthquake  these  channels  were 
from  15  to  30  feet  deep,  and  in  the  dry  weather  the  country  was  inter- 
sected by  steep-sided  depressions  of  this  depth,  at  the  bottom  of  which 
flowed  a  shallow  stream.  During  tbe  earthquake  the  bottoms  0(  all 
these  channels  were  forced  up  till  level  with  the  banks  on  either 
side,  and  during  the  ensuing  dry  weather  the  drainage  of  this  tract, 
instead  of  flowing  in  deeply  sunken  chatinels  flowed  nearly  level  with 
the  general  surface  of  the  land  in  shallow  sandy  channels. 

This  blocking  of  the  drattiage  channels  prevented  them  from 
serving  their  natural  purpose  when  the  rivers  rose  In  flood,  and  large 
volumes  of  water  which  would  otherwise  have  escaped  were  forced  to 
spread  over  the  surface  of  the  land,  thus  giving  rise  to  the  exceptional 
floods  of  1897.  This  matter,  being  dealt  with  elsewhere',  will 
not  be  further  referred  to,  btit  a  direct  result  of  the  upheaval  of 
the  river  channels  may  be  noticed.  As  this  upheaval  was  not  due  to 
an  eruption  of  material  from  a  great  depth,  hut  to  a  redistribution 
of  comparatively  superficial  material,  the  rise  of  the  river  beds  had  to 
be  compensated  by  a  corresponding  subsidence  elsewhere,  in  general 
immediately  contiguous  to  the  river  banks.  It  !s  obvious,  that  in  a 
material  which  offers  so  great  internal  frictiooal  resistance  to  deforma- 
tion as  tbe  alluvium,  the  movement  by  which  the  deformation  took 
place  would  ordinarily  be  transmitted  to  the  shortest  distance  com- 
patible with  the  effect  to  be  produced ;  hence  for  this  reason  alone 
the  subsidence  of  the  banks  would  probably  be  greater  than  that  of 
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All  these  causes  combined  would  cause  the  land  immediately  on 
either  side  of  the  river  channels  to  Subside  more  thlin  elsewhere^  and 
so  the  relative  greater  elevation  of  the  river  banks  would  disappear. 
In  fact,  the  generareffect  of  the  earthquake  throughout  the  districts 
where  vents  and  fissures  were  formed,  may  be  described  as  tending 
to  reduce  inequalities  of  level  by  causing  a  depression  of  the  high 
ground  and  an  elevation  of  the  low. 

A  very  remarkable  result  of  the  earthquake  was  the  sudden  rise 
of  the  rivers  which  accompanied  it  over  a  large  area.  I  do  not  here 
refer  to  the  extensive  floods  which  were  experienced  later  on  and 
were  indirectly  the  result  of  the  earthquake,  but  to  a  sudden 
and  immediate  rise^  varying  from  two  to  ten  feet,  which  was  observed 
immediately  after  the  earthquake  and  passed  off  in  the  course  of  the 
next  day  or  two.  ~^" 

At  GauHatilhe  river  gauge,  which  is  fixed  on  a  hill  of  gneisSi 
showed  a  height  of  167*41  ft.  above  sea  level  at  7  A.M.  on  the  morning 
of  the  I3th  June;  at  6  p.m.,  about  three  quarters  of  an  hour  after  the 
earthquake,  the  water  stood  at  I75*00|  showing  a  rise  of  7*59  ft ;  the 
next  morning  it  had  sunk  to  173*11,  at  7  A.M.  on  I4tb  to  169*96  and  at 
7  A.M.  on  15th  to  167*911  having  thus  recovered  its  normal  level  in 
two  and  a  half  days. 

At  Goalpara  the  Brahmaputra  river  is  said  to  have  invaded  the 
station  in  the  form  of  a  wave  10  feet  high  and  remained  at  8  feet 
above  its  previous  level  after  the  earthquake  had  passed  ;  at  Kaunia, 
the^harla  river  is  reported  to  have  risen  3  feet  immediately  after 
the  earthquake.  At  Maimansingh  the  Brahmaputra  river  rose  4  feet 
and  at  Jamalpur  5  to  6  feet.  In  the  Bogra  district  it  is  reported  that  ^ 
the  rivers  all  rose  from  i  to  4  feet  and  that  they  all  fell  again  within  ; 
the  course  of  the  next  three  or  four  days ;  and  so  on.  Many  more 
reports  could  be  quoted,  but  sufficient  has  been  done  to  show  that 
the  phenomenon  was  a  general,  not  an  isolated,  one.  j 

In   part   this   rise  of   the   rivers  may  be  attributed  to  the  large 
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Volumes  of  water  poured  out  from  the  sand  vents.  Surgeon  Majof 
Dobson's  account^  shows  clearly  how  this  might  affect  the  amount  of 
water  in  the  drainage  channels,  and  other  accounts  also  describe  how 
streams  that  were  nearly  dry  suddenly  filled  with  the  water  which 
issued  from  the  ground.  This  cause  would,  in  many  instances,  account 
for  the  sudden  rise  in  the  smaller  draini^e  channels,  but  in  the  larger 
streams  the  rise  was  too  sudden  and  followed  too  promptly  on  the 
earthquake  to  he  explained  in  this  manner.  Here  we  must  look  to 
the  raising  of  the  stream  beds  to  account  for  it,  and  to  the  gradual 
scouring  out  of  the  barriers  so  formed  for  the  subsequent  fall  in  level. 
The  raising  of  the  river  beds  was  probably  continuous  to  a 
greater  or  less  extent  all  along  the  channels,  and  the  water  was 
lifted  bodily  to  a  certain  extent  by  the  earthquake,  but  the  major 
part  of  the  rise  appears  to  have  been  due  to  a  different  cause.  The 
forcing  up  of  the  river  beds  was  by  no  means  uniform,  and  in  some 
places  was  more  extensive  than  in  others ;  in  this  way  barriers  were 
formed  across  the  stream,  and  on  the  up  stream  side  the  water  was 
ponded  up  to  the  height  of  the  maximum  rise  of  the  next  barrier 
down  stream.  Thus  a  greater  rise  of  water  level  occurred  than  would 
have  been  the  case  if  the  raising  of  the  river  beds  had  been  uniforiHi 
while  the  barriers,  being  composed  of  loose  sand,  were  more  easily 
scoured  away  and  the  material  of  which  they  were  composed  dis. 
ttibuted  along  the  stream  bed  in  such  manner  as  to  leave  the  water 
lower  than  the  level  to  which  it  had  risen  immediately  after  the 
earthquake,  though  a  little  higher  than  it  was  before. 
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In  the  foregoing  passages  the  bearing  of  the  phenomena,  which 
were  observed  on  the  formation  of  earth  fissures  and  sand  vents  has 
been  discussed ;  we  must  now  consider  their  extent  and  distribution. 
Before  entering  into  this,  however,  it  may  be  well  to  notice  one 
qualification  which  must  be  borne  in  mind  whenever  it  is  said  that 
they  were  universal  or  generally  distributed  over  any  specified  area, 
namely  that  they  can  only  occur  where  the  local  conditions  are 
favourable. 

The  whole  of  the  hill  area  must,  of  course  be  excluded,  but  even 
in  the  alluvium  there  are  large  tracts  of  an  older  alluvium,  charac- 
terised by  a  much  greater  compactness  than  the  newer.  This 
older  alluvium  is  usually  of  a  red  colour  and  forms  elevated  tracts, 
rising  from  the  newer,  of  which  the  Madhupur  jungle,  lying  between 
Dacca  and  Maimansingh,  is  the  best  known,  though  not  the  only  one. 
To  the  north  of  the  Ganges  and  in  the  Assam  Valley  there  are  several 
tracts  of  similar  alluvium,  which  have  everywhere  escaped  fissaring 
or  the  formation  of  sand  vents,  owing  to  their  greater  compactness 
and  the  absence  of  beds  of  loose  waterlogged  sand.  Even  in  the 
newer  alluvium  such  beds  of  sand  are  not  everywhere  near  enough 
to  the  surface  to  allow  of  the  production  of  the  effects  described  in 
this  chapter,  but  \Wth  these  exceptions  it  may  be  said  that  fissures 
and  sand  vents  were  universal  throughout  the  Goalpara  and  Kamrup 
districts,  the  western  part  of  Darrang  and  the  greater  part  of 
Nowgong,  Sylhet,  and  the  northern  parts  of  Cachar.  In  Bengal 
they  were  equally  prevalent  throughout  Rangpur,  Dinajpur,  Raj- 
shahi,  Maldah,  Purniah,  Pabna,  Bogra,  Maimansingh,  and  the  greater 
part  of  Dacca. 

Outside  the  area  over  which  they  were  widespread,  there  is  a 
larger  area  where  they  were  less  frequent.  Fissures  and  sand  vents 
are  said  to  have  been  formed  in  the  Murang  district  of  the  Nepal 
Tarai,  north  of  Purniah.  In  Bhagalpur  a  few  were  found  in  the 
Supul  sub-division,  and  near  Colgong,  on  the  banks  of  the  Kosi  and 
Qanges,  respectively.     A  fissure  50  feet  long  by  1  foot  broad  is  said  to 
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have  opened  io  the  Khar  cutcbery  compound.  In  the  Santal 
Pargaoas  they  were  formed  near  Deogarh  aad  Godda.  Stray 
fissures  are  reported  to  have  been  formed  in  the  Bardwan,  Bankura, 
Birbhum,  and  Midnapur  districts,  but  DOne  in  Hugli  or  Howrah. 

Fissures  and  vents  are  also  reported  from  the  Murshidabad,  NadJya, 
Jessor  districts,  none  were  formed  in  Faridpur  or  Bakarganj,  or  tn 
the  Chittagong  division,  with  the  exception  of  the  extreme  Dortbern 
part  of  Tipperah.  * 

Io  Assam  fissures  are  reported  from  as  far  east  as  the  Lakhim- 
pur  district,  but  only  to  the  west  of  the  Subansiri  river.  In  the 
Sibsagar  district  a  few  occurred  in  the  western  part  of  the  Sibsagar 
subdivision,  but  none  to  the  east  of  Sibsagar.  They  were  formed  in 
the  alluvium  of  the  Dhaneswari  (Dhansiri)  valley,  but  none  in  Mani- 
pur.  In  Cacbar  they  are  confined  to  the  north-western  part  of  the 
district,  and  tbey  were  formed  all  over  SylbeL 

From  this  it  will  be  seen  that  the  area  over  which  fissures  were 
fairly  frequent,  wherever  conditions  are  such  as  render  their  forma- 
tion practicable,  corresponds  very  closely  with  that  included  in  the 
fifth  isoseist  on  map  No.  I,  while  the  fourth  isoseist  includes  the 
most  distant  places  at  which  fissures  could  be  formed  even  where 
circumstances  were  most  favourable.  In  othef  words,  the  area  over 
which  fissures  were  formed  abundantly,  or  would  have  been  if  local 
conditions  were  sot  adverse,  reaches  about  400  miles  from  east  to 
west  and  about  350  miles  from  north  to  south,  while  the  extreme 
limits  from  which  they  are  reported  to  have  been  formed  was  nearly 
600  miles  in  an  E.  N.  E.— W.  S.  W.  direction,  between  Sibsagar  and 
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the  Himalayas,  which  not  only  limits  the  area  over  which  the  formation 
of  fissures  and  vents  could  be  possible,  but  places  an  absolute  barrier 
against  the  acquisition  of  any  information  as  to  the  effect  of  the 
earthquake  in  that  direction. 

Chapter  VII.— THE  LANDSUPS. 

Landslips  were  caused  by  the  earthquake  on  an  enormous  scale, 
and  deserve  a  special  notice,  both  as  to  their  origin  and  distribution. 

The  cause  of  the  landslips  is  not  difficult  of  explanation.  In 
fig>  >3  let  the  shaded  poilion  represent  the  solid  rock  of  a  bill,  drawn 
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in  section,  covered  by  the  soilcap  0  O  which  is  kept  in  place  on  the 
underlying  rock  by  the  friction  between  them.  When  the  rock  of 
this  hill  is  set  into  elastic  vibration  by  the  earthquake  wave,  the 
superficial  portion  will,  at  one  period  or  other  of  the  shock,  be  set  in 
movement  outwards,  and  this  movement  will  be  communicated  to  the 
soilcap.  In  the  next  semiphase  of  the  wave,  the  movement  of  the 
surface  of  the  rock  will  be  inwards,  but  the  inertia  of  the  overlying 
soilcap  will  prevent  this  following  at  once,  and  the  effect  will  be  a 
more  or  less  complete  reduction  of  the  pressure  of  the  soilcap  on  the 
rock.  This  reduction  of  pressure  means  a  reduction  of  the  friction, 
which  alone  prevents  the  soilcap  from  sliding  bodily  down  the  hill, 
and  so  a  landslip  is  formed,  where  the  reduction  of  resistance,  and  the 
slope  of  the  hill,  are   sufficient  to  allow  of  it.     In  cases  where  the 
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adhesion  of  the  subsoil  to  the  underlying  rock  is  great,  where  its 
thickness  is  small,  or  where  the  violence  ot  the  shock  is  not  great 
enough,  the  slippage  of  the  surface  layer  does  not  amount  to  a  land- 
slip,  and  in  these  cases  the  hillsides  are  tound  to  be  scarred  with 
fissures.  At  the  other  extreme,  the  momentum  imparted  to  the 
surface  layer  may  be  so  great  that  an  actual  outward  pull  is  set  up, 
sufficient  to  overcome  the  resistance,  both  of  gravity  and  the  adhe- 
sion of  the  snbsoil  to  the  rock,  and  then  we  have  not  merely  a  land- 
slip, but  the  whole  face  of  the  bill  shot  bodily  off.  The  conditions 
that  allow  of  this  appear  to  be  rare,  but  they  certainly  did  occur  in 
some  of  the  high  scarps  of  the  Khasi  andGaro  Hills. 

So  far  1  have  spoken  only  of  the  landslips  produced  by  the  dis- 
placement of  the  more  or  less  weathered  surface  layer  ;  they  seldom 
extend  deep  into  the  hfW,  and  resemble  ia  all  their  characters  ordi- 
nary landslips  of  the  same  scale.  Besides  these,  the  high  sandstone 
scarps  of  the  southern  edge  of  tbe  Khasi  and  Garo  Hilts  exhibit  land- 
slips due  to  the  throwing  off  of  a  greater  or  less  width  of  solid  sand- 
stone, in  a  manner  precisely  analogous  to  that  described  in  Chap- 
ter VI  but  on  a  larger  scale. 

In  the  case  of  both  these  forms  of  landsh'ps,  the  part  of  the  hill' 
which  is  left  standing  is  always  scarred  with  deep  fissures,  extending 
more  or  less  parallel  to  the  free  face  of  the  fall,  and  due  to  a  partial' 
detachment  of  the  material  between  them  and  tbe  edge  of  the  actuaf 
slip.  These  fissures  are  very  conspicuous  on  the  BJIpakr^m- 
plateau  west  of  the  Mahideo  valley,  as  shown  in  Plate  XXVIl,  fig.  i,, 
but  they  are  in  all  cases  a  secondary  effect  of  the  transmitted  earth- 
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sufficiently  violcmt  earthquake  the  other  factor  that  comes  into  play  is 
the  natural  tendency  of  the  hill  to  slip.  This  obviously  varies  with 
the  slope,  a  gentle  slope  being  much  less  liable  to  slip  than  a  steep 
one  and  the  nearer  the  slope  reaches  that  critical  angle^  at  which  the 
soilcap  would  slip  away  of  its  own  accord,  the  less  the  impulse  required 
to  set  it  in  motion. 

There  is,  however,  another  factor  which  appears  to  be  of  almost 
equal  importance  with  the  angle  of  the  slope,  and  that  is  its  height 
from  base  to  crest.  While  travelling  in  the  Assam  hills  during  the 
cold  weather  of  1897-98, 1  had  many  opportunities  of  observing  how 
steep  slopes  and  scarps  of  a  low  height,  had  remained  uninjured, 
while  gentle  slopes,  when  forming  part  of  a  hill  rising  to  several 
hundred  feet  had  been  scarred  with  landslips. 

This  is  well  seen  on  the  road  from  Shillong  to  Gauhati  ;  for  the 
first  14  or  15  miles,  where  the  hills  are  high  and  cut  by  deep  valleys, 
landslips  are  common,  but  for  the  rest  of  the  way,  where  the  height  of 
the  hills  above  the  valleys  is  much  smaller,  landslips  are  almost  un* 
known  though  the  earthquake  was  on  the  average  equally  severe 
over  the  whole  of  this  tract. 

The  explanation  of  this  connection  between  the  height  of  the 
hills  and  the  degree  to  which  they  have  been  scarred  by  land- 
slips is  doubtless  the  greater  swing  which  was  imparted  to  the 
higher  hills.  In  part,  this  is  due  to  the  fact  that  an  equal  angular 
motion  would  result  in  a  greater  linear  movement  at  the  top  of  a 
high  hill  than  of  a  low  one,  but  mainly  it  is  due  to  the  greater 
elastic  play  of  the  high  hill,  especially  when  steep  sided ;  just  as  the 
end  of  a  long  switch  jerked  to  and  fro  describes  a  larger  are  than 
that  of  a  short  one. 

There  is  yet  another  factor  in  the  production  of  landslips,  and 
that  is  the  mineral  constitution  of  the  hill.  When  this  is  composed 
of  crystalline  rock,  the  surface  layer  of  disintegrated  and  weathered 
material  is  either  thin,  or  it  passes  down  into  the  unweathered 
rock  in  a  gradual  manner.  In  the  former  case,  the  thin  skin  may 
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not  acquire  sufficient  momentuih  to  cause  it  to  be  detached  from  the 
underlying  rock ;  in  the  latter,  the  gradual  increase  in  the  cohesion 
of  the  surface  layer  adhesion  to  the  underlying  rock  is,  more  or,  and 
io  its  lesSi  proportionate  to  the  increase  of  strain  applied,  and  the 
surface  layer  will  be  much  less  liable  to  come  away  than  if  there  was 
a  more  or  tesa  well  defined  plane  of  weakness. 

In  the  case  of  sedimentary  rocks,  the  boundary  between  the 
weathered  soilcap  and  the  underlying  rock  is  generally  more  abrupt 
and  the  surface  layer  readily  separates  from  the  rock  below.  Added 
to  this  the  sandstones*  which  form  so  large  a  proportion  of  the  hills 
along  the  southern  face  of  the  range,  have  a  much  lower  cohesive 
strength  than  the  cryetalliDe  and  metamorphic  rocks  of  the  central 
and  northern  portions  of  the  range  and,  when  they  form  high  scarps, 
portions  of  the  solid  rock  itself  may  be  thrown  off. 

I  have  thought  it  necessary  to  devote  some  space  to  a  general 
consideration  of  the  causes  which  are  concerned  in  the  formation 
of  earthquake-landslips,  as  very  erroneous  conclusions  have  been 
drawn  from  their  distributiont  and  are  generally  held  in  Assam,  as  to 
the  position  of  the  focus  of  this  eartbqnake.  We  see  that  besides 
the  energy  of  the  earthquake  wave,  the  production  of  landslips  is 
controlled  by  the  petrological  composition  of  the  hill  and  by  another 
factor,  into  which  the  angle  of  slope  and  the  height  of  the  hill  enter, 
in  other  word8,'by  its  sise  and  form.  It  ia  not  possible  to  eipress 
mathematically  the  relative  importance  of  these  diBerent  factors,  the 
nature  of  their  influence  can  only  be  pointed  out  in  general   terms, 
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time  after  the  great  earthquake,  and  that  a  part  of  the  effects  noticed 
was  due  to  the  action  of  the  heavy  rains  of  the  three  months  following 
the  earthquake  I  and  part  to  the  aftershocks  of  the  great  earthquake. 
Many  of  these  were  themselves  violent  enough  to  cause  landslips, 
the  more  so  as  many  hillsides,  which  had  not  come  down  in  the 
great  shock,  had  been  badly  shattered  and  weakened,  and  were 
more  easily  broken  down  than  would  otherwise  have  been  the  case.^ 

The  heavy  rains  which  followed  the  earthquake  had  probably 
even  a  greater  effect  than  the  aftershocks  in  bringing  down  hill* 
sides,  which  had  been  fissured  and  weakened  by  the  earthquake,  and 
the  total  results  observed  and  recorded  after  the  close  of  the  rainy 
season  included  those  of  both  these  causes,  nor  was  it  found  possi- 
ble to  separate  the  direct  effects  of  the  earthquake  from  its  indirect 
effects,  or  those  of  the  aftershocks.  It  may,  however,  be  safely  said 
that  had  the  earthquake  occurred  three  months  later,  at  the  end 
instead  of  the  beginning  of  the  rainy  season,  and  at  a  time  when  all 
the  hills  were  waterlogged,  the  landslips  then  developed  would 
certainly  not  have  been  less  extensive  than  those  which  were  actually 
observed  during  the  cold  weather  of  1897-98. 

It  seems  certain  too,  so  far  as  I  could  gather  from  careful  enquiry, 
that  by  far  the  greater  number  of  the  landslips  which  actually 
occurred  were  the  direct  result  of  the  great  earthquake,  and  that  the 
subsequent  additions  to  the  size  and  number  were  only  a  fraction  of 
what  could  be  seen  immediately  after  the  first  shock. 

Landslips  were  developed  more  conspicuously  along  the  southern 
edge  of  the  Garo  and  Khasi  Hills,  and  especially  in  the  neighbour* 
hood  of  the  Paniathit  river  and  the  hills  immediately  to  the  west 
of  it.  Viewed  from  the  deck  of  a  steamer  sailing  up  to  Sylhet, 
the  southern  face  of  these  hills  presented  a  striking  scene.  The 
high  sandstone  hills  facing  the  plains  of  western  Sylhet,  usually 
forest-clad  from  crest  to  foot,  were  stripped  bare,  and  the  white  sand 

1  On  the  23rd  of  August,  the  Deputy  Commissioner  of  the  Garo  Hills  records  in  his  tour 
diary  that  ther«  were  several  severe  shocks  of  earthquake,  some  of  which  sent  rocks  rolling 
down  the  hillside. 

•  2  (  <'5  ) 
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stODe  shoae  clear  in  the  sun,  in  an  apparently  unbroken  stretch  of 
about  ao  miles  in  length  from  east  to  west.  Beyond  this,  the  land- 
slips, though  still  large  and  conspicuous  grew  gradually  fewer,  and 
it  was  not  difficult  to  suppose  tliat  we  had  here  the  centre  of  the  dis- 
turbance. 

The  true  explanation,  however,  lies  in  the  physical  features  of  the 
hills,  rather  than  in  any  greater  violence  of  the  earthquake.  It 
is  in  about  91°  E.  Long,  that  the  hills  rise  highest  and  most  abruptly 
from  the  plains,  and,  being  composed  largely  of  soft  nummulitic  and 
supra-nummulitic  rocks,  are  more  easily  broken  into  landslips.  To 
the  west,  a  strip  of  low  hills  separates  the  high  hills  from  the  plains, 
and  to  the  east  the  height  of  the  hills  decreases  in  a  marked  manner 
beyond  Cherrapunji.  Eastwards  of  this  I  have  not  been  myself, 
but  according  to  accounts  received  the  landslips,  though  still  faiily 
numerous,  are  much  less  so  than  those  near  Cherrapunji. 

At  Cherrapunji  the  deep  valleys  are  scored  by  landslips  to  a 
striking  degree,  so  much  so,  that  when  looked  at  from  a  distance 
there  appears  to  be  more  landslip  than  untouched  hilbide.  It  is 
difBcult  to  detect  any  relation  between  the  size  and  frequency  of  the 
landslips  and  the  direction  of  slope,  but  .  though  tbey  seemed 
equally  abundant  on  the  east  and  west  sides  of  the  valley,  they 
did  seem  to  be  somewhat  more  abundant  on  the  slopes  facing  south- 
ward than  on  those  facing  north. 

Further  north,  towards  the  centre  of  the  hills,  no  such  relation 
could  be  detected ;  the  landslips  were  practically  confined  to  the 
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slopes  and  do  not  rise  high  above  the  valleys.  When,  however, 
there  is  a  high  range,  like  that  of  the  Mauterich^n  or  Laubersit, 
which  rises  in  a  steep  slope  of  3,000  to  3,000  feet,  or  where  the  high 
plateau  is  cut  by  a  deep  gorge,  landslips  are  not  uncommon ;  and  on 
the  steep  sandstone  scarps  of  the  southern  face  they  are  large  and 
conspicuous,  as  has  already  been  remarked. 

Nowhere  that  I  know  of  are  they  so  strikingly  developed  as  in 
the  small  valley  of  the  Mahideo,  to  the  south  of  the  Bilpakrim  and 
Pundengru  Hills.  The  valley  forms  an  amphitheatre  of  about  four 
miles  long  from  east  to  west,  and  a  mile  and  a  half  across.  On  the 
north  are  the  hills  of  Bilpakrim  and  Pundengru,  united  by  a 
narrow  ridge  of  sandstone,  scarped  on  each  side  ;  to  the  west  is 
another  narrow  ridge  of  sandstone,  uniting  the  Bilpakrim  hill  to  the 
plateau  which  separates  the  upper  Mahddeo  valley  from  the  plains  ; 
at  the  eastern  end,  one  of  the  spurs  of  Pundengru  runs  southwards 
towards  the  outlet  of  the  valley  to  the  plains  of  Sylhet, 

Here  everything  combined  to  favour  the  formation  of  landslips. 
The  hills  were  composed  of  soft  sandstone,  they  were  steep  sided, 
high,  and  narrow  from  side  to  side,  and  consequently  were  doubtless 
thrown  into  actual  oscillation  as  a  whole  ;  while  the  range  of  motion 
of  the  wave  particle  was  not  less  than  eight  inches  near  the  edge  of 
the  precipices.  The  result  of  these  local  conditions,  added  to  the  in- 
dubitably high  energy  of  the  earthquake  wave,  has  been  to  produce 
an  indescribable  scene  of  desolation.  Everywhere  the  hillsides  facing 
the  valley  have  been  stripped  bare  from  crest  to  base,  and  the 
seams  of  coal  and  partings  of  shale  could  be  seen  running  in  and 
out  of  the  irregularities  of  the  cliffs  with  a  sharpness  and  distinctness 
which  recalled  the  pictures  of  the  canons  of  Colorado.  At  the 
bottom  of  the  valley  was  a  piled  up  heap  of  debris  and  broken  trees, 
while  the  old  stream  course  had  been  obliterated  and  the  stream 
could  be  seen  flowing  over  a  sandy  bed,  which  must  have  been 
raised  many  feet  above  the  level  of  the  old  watercourse. 
At  one  place  on  the  watershed,  and  on  most  of  the  narrow  spurs 
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running  into  .he  valley,  the  landslips  on  either  side  of  the  ridge  had 
united  to  form  a  sharp  edged  crest  to  the  ridge  ;  and  at  one  spot 
on  the  ridge  connecting  the  Bilpakrim  and  Pundengru  Hills,  where 
a  narrow  strip  of  the  old  forest  clad  summit  had  been  left,  the  vio' 
lence  of  the  oscillation  it  had  undergone  was  such  that  the  forest 
had  been  levelled  to  the  ground. 

This  was  not  the  only  instance  of  this  sort,  bat  wherever 
throughout  the  sandstone  plateau,  there  was  a  high  spur  with  steep 
sides  and  a  comparatively  level  forest  clad  top  of  a  couple  of 
hundred  feet  or  less  in  width,  I  noticed  that  the  trees  had  almost 
invariably  been  uprooted.  They  were  not  snapped  across,  like 
those  described  in  Chapter  IX,  thq  conditions  which  allowed  of  this 
form  of  destruction  being  altogether  local,  but  had  been  bodily 
up-rooted  by  the  swaying  ol  the  trees  from  side  to  side. 

In  the  country  on  either  side  of  the  boundary  of  the  Garo  and 
Khasi  Hills  Districts  landslips  are  everywhere  conspicuous  in  the 
sandstone  country  and  are  decidedly  larger  and  more  abundant  on 
the  southern  than  on  the  northern  faces  of  the  hills,  but  no  conclusion 
can  be  drawn  from  this,  as  to  the  direction  of  travel  of  the  earthquake 
wave,  since  the  geolt^ical  and  orographical  conditions  are  such  as 
to  necessitate  the  highest  and  steepest  slopes  facing  southwards. 

Westwards  of  the  Sameswari  (Somesari)  river,  the  Garo  Hills, 
instead  of  ruing  in  a  high  scarp  from  the  plains,  descend  gradually 
bya  series  of  low  hills,  and  the  conditions  are  less  favonrable  for 
the  formation  of  landslips.  We  find  them,  accordingly,  less  con- 
spicuously  developed,  but  wherever  there  is  a  high  slope,  such  as  the 
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Kohima,  and  it  is  probable  that  the  same  might  have  been  observed 
in  the  bills  of  the  western  part  of  Manipur,  from  which  it  is  im- 
possible to  obtain  any  information.  No  landslips  were  observed 
in  the  Mikir  Hills  east  of  Nowgong,  or  in  the  hills  south  of  the  Sylhet 
valley. 

The  great  ransre  of  the  Himalayas  with  its  deeply  cut,  steep  sided 
valleys  is  always  a  region  of  landslips.  Every  year,  in  a  large  number 
of  places^  the  strain  becomes  too  great  and  a  larger  or  smaller  mass 
of  soilcap  and  partially  weathered  rock  is  detached,  and  crashes  into 
the  valley  below.  In  such  a  region^  where  there  are  large  areas  of 
hillside  in  a  critical  condition^  and  the  restraint  on  the  movement  of 
the  soilcap  almost  in  equilibrium  with  the  downward  pull  of  gravity, 
the  effect  of  a  severe  earthquake  may  be  expected  to  be  g^eat ;  and 
such  was  in  fact  the  case.  All  along  the  north  side  of  the  Brahma, 
putra  Valley,  the  range  of  the  Himalayas  is  scarred  by  landslips^  even 
to  beyond  Tezpur,  In  all  years  some  are  seen,  but  after  the  rains  of 
1897  they  were  in  most  unusual  abundancSi  and  many  of  them  evi« 
dently  of  great  size.  As  seen  from  the  deck  of  one  of  the  Brahma- 
putra  steamers,  they  are  abundant  even  to  the~  north  of  Tezpur,  but 
the  effect  of  the  earthquake  does  not  appear  to  be  very  marked 
much  eastwards  of  this.  Westwards  from  the  meridian  of  Tezpur, 
they  get  more  numerous,  and,  so  far  as  can  be  judged  from  the 
reports,  attain  their  maximum  to  the  north  of  the  Goalpara  District, 
in  a  part  of  the  range  not  visible  from  the  Brahmaputra.  In  Bhutan^ 
landslips  are  reported  to  have  been  numerous  and  extended  far  back 
into  the  hills.  They  were  observed  in  north-eastern  Sikkim,  and  on 
the  south  face  of  the  hills  were  formed  even  as  far  west  as  Darjiling, 
but  apparently  not  in  Nepal. 

It  will  be  seen  from  this  that  the  east  and  west  range  of  the  land- 
slips was  more  extensive  in  the  Himalayas  than  in  the  hills  south  of 
the  Brahmaputra  Valley,  and  as  there  is  no  reason  to  suppose  that 
the  earthquake  wave  would  be  more  readily  transmitted  along  the 
Himalayas  than  through  the  crystalline  rocks  of  the  Shillong  plateau 
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this  greater  extent  must  be  ascribed  to  the  greater  natural  liability 
of  the  Himalayan  hillsides  to  slip. 

One  more  point  may  be  noticed,  that  the  region  where  they  are 
most  numerous  lies  a  little  west  of  the  91°  meridian,  or  nearly  north 
or  north-north>west,  of  the  region  where  they  are  most  developed 
in  the  Caro  and  Kbasi  Hills. 

Before  finally  leaving  this  subject,  it  will  be  necessary  to  notice 
some  secondary  ejects  of  the  landslips  in  modifying  the  forms  of 
the  watercourses.  In  the  sandstone  country  at  the  southern  edge  of 
the  Garo  and  Khasi  Hills,  the  dislodgement  of  large  bodies  of  wea- 
thered rocks,  and  to  no  less  an  extent  the  consequent  exposure  of 
hillsides  previously  protected  by  forest,  caused  enormous  volumes 
of  sand  to  be  cast  into  the  streams.  One  effect  of  this  was  the  form* 
atton  of  great  sand  fans  along  the  southern  foot  of  the  hills,  where 
they  wrought  great  havoc  in  the  fields,  and  more  especially  in  the 
orange  and  areca-nut  groves,  of  Sheila  and  other  villages  near  the 
southern  edge  of  the  hills.  Every  stream  of  any  size  has  in  this  way 
devastated  many  squafe  miles  of  country,  and  the  mischief  is  not  yet 
complete  ;  for  not  only  are  there  still  large  quantities  of  sand  not  yet 
removed  from  the  landslips,  but  the  bare  faces  of  the  hills  will  be  the 
source  of  fresh  supplies  of  sand  as  they  are  scoured  by  the  rain, 
until  such  time  as  vegetation  once  more  resumes  its  sway. 

Within  the  hills  the  effect  has  been  00  less  striking.  The  burden 
of  sand  cast  on  to  the  streams  was  far  greater  than  they  could  carry 
along  their  old  gradients,  and  everywhere  the  beds  have  been  raised, 
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Paniathit  have  been  obliterated,  and  many  smaller  streams  converted 
from  deepi  clear,  rocky  mountain  streams  to  a  shallow  spread  of 
muddy  water,  flowing  over  a  sandy  bed. 

That  this  change  is  entirely  an  indirect  effect  of  the  earthquake, 
and  a  direct  effect  of  the  landslips  it  gave  rise  to,  is  shown  by 
the  fact  that  it  is  only  within  the  sandstone  area,  where  landslips 
are  numerous,  that  the  beds  of  the  streams  are  raised  in  this  manner* 
When  we  get  further  back  into  the  hills,  where  landslips  are  few 
and  where  the  crystalline  rocks  exposed  by  them  are  not  so  weathered 
or  so  easily  washed  down  as  the  tertiary  sandstones,  and  where,  in 
consequence,  the  additional  burden  cast  on  the  streams  was  com- 
paratively small,  we  at  once  enter  on  an  area  in  which  the  stream 
beds  retain  their  original  character  unchanged. 

Cases  where  streams  were  ponded  up  for  more  than  a  day  or 
two  were  rare.  One  instance  I  saw  at  a  village  called  Chochalja 
about  8  miles  to  the  east  of  Damra,  on  the  northern  foot  of  the  Garo 
Hills.  Here  a  landslip  bad  come  down  and  shot  out  about  400  yards 
into  the  open  valley,  crossing  the  drainage  channel  and  giving  rise  to 
a  shallow  pond,  which  had  been  completely  filled  up  with  sand  by  the 
end  of  January  1898.  A  much  more  remarkable  instance  was  that 
of  the  landslips  near  Sinya,  to  the  east  of  Rambrai,  which  dammed 
up  the  drainage  of  a  large  area  for  nearly  three  months  and  gave  rise 
to  a  destructive  flood. 

To  the  east  of  Sinya,  in  the  northern  Khasi  Hills,  the  Scob 
river  flows  in  a  narrow  gorge  of  about  2,000  feet  in  depth,  whose 
sides  are  scored  throughout  its  length  by  innumerable  landslips. 
Near  Sinya  village  one  much  larger  than  the  rest  came  down  and, 
shooting  across  the  valley,  formed  a  barrier,  of  which  the  remains 
are  more  than  200  feet  above  the  present  level  of  the  river  bed. 
Above  this  barrier,  the  waters  of  the  Scob  accumulated  in  a  great 
lake  till|  about  the  7th  September,— I  was  not  able  to  ascertain  the 
exact  date— the  barrier  burst  and  a  flood  of  water  rushed  down 
the  valley.     Three  miles  lower  there  is  said  to  have  been  another 
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landslip  as  Urge  as  t^at  at  Sinya,  but  it  was  not  able  to  stand 
agsinst  the  rush  of  the  waters,  while  all  the  way  down  the  eighteen 
milea  to  where  this  river  issues  from  the  hills,  the  old  channel  was 
encumbered  by  innumerable  landslips,  none  able  to  check  the  rush 
of  the  flood,  which,  picking  np  from  them  a  mass  of  boulders,  gravel, 
sand  and  trunks  of  trees,,  carried  it  along  in  one  great  rush, 
dealing  destructioo  for  many  miles  within  and  beyond  the  limits  of 
the  bills. 

Where  this  river  leaves  the  hills  at  Ukiam  and  enters  the  Kam- 
ntp  District  it  t^ces  the  name  of  the  Kulsi,  having  been  joined  by  an 
afSuent  from  the  west^  known  as  the  Sri  Nadi.  At  Ukiam  it  is 
)oiaed  by  a  small  tributary  from  the  west  known  as  the  Dharan, 
which  diains  some  low  hills  by  a  series  of  valleys  of  very  low  gradi- 
ent, the  lower  part  filled  with  alluvium.  Still  lower  down,  the  Kulst 
is  joined  by  ao  affluent  known  astheLokiaJln  (Khoolsee  Khalof  the 
Revenue  Survey  maps),  a  sluggish  stream  flowing  through  an  alluvial 
flat,  from  which  groups  of  low  bills  rise. 

The  effect  of  the  flood  in  this  part  of  the  river  course  was 
remarkable  and,  though  not  seismic,  may  be  noticed  here.  The 
direct  effect  of  the  flood  was  to  sweep  everything  before  it  ;  trees 
were  uprooted  and  soil  and  subsoil  washed  away  from  the  underlying 
rocks,  but  in  the  side  channels  the  rush  o(  the  water  was  upstream. 
As  a  result,  I  fonnd  in  the  Lokia  Jin  that  trees  had  been  bent  over, 
and  vegetation  flattened  down  in  an  upstream  direction,  while  every 
obstruction  had  an  accumulation  of  driftwood  and  weeds  on  the 
downstream  side,  or  just  the  reverse  of  what  would  have  been  the  case 
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the  junction  stood  a  tall  fig  tree,  with  a  runk  of  about  six  feet  in 
diameter,  but  rotten  at  the  core.  This  had  been  broken  off,  probably 
by  the  earthquake,  and  the  rush  of  the  flood  wave  travelling  up  the 
valley  had  picked  up  the  trunk  and  carried  it  full  quarter  of  a^  mile 
upstream* 

The  indirect  effect  of  the  flood  has  been  to  rabe  the  bed  of  the 
Kulsi.  This  can  be  seen  in  the  main  stream,  which  had  formerly  a 
series  of  deep  pools  and  was  a  well  known  fishing  river,  but  now 
flows  over  a  broad  and  shallow,  sandy  bed*  In  the  side  streams  it  is 
even  more  conspicuous,  for  the  rating  of  the  bed  of  the  main  stream 
has  ponded  up  the  water  in  them,  and  led  to  the  submergence  of  a 
large  area  of  ground.  In  the  Dharan  the  streams  have  been  flooded 
for  a  distance  of  five  mites  and  more  from  the  junction,  and  all  the 
cultivation  of  Ukiam  village  submerged.  Close  to  the  junction,  I 
found  a  depth  of  20  feet  of  water  in  the  Dharan,  but  this  is  local  and 
due  to  the  scour  of  an  eddy  from  the  Kulsi  ;  further  back  the 
depth  of  water  was  about  1 2  feet,  showing  that  the  bed  of  the  Kulsi 
had  here  been  raised  not  less  than  10  feet  above  its  former  level. 
In  the  Lokia  Jin  and  another  small  tributary  flooding  bad  also  taken 
place,  but  to  a  less  degree. 

In  the  Sri  Nadi,  which  joins  the  Kulsi  just  above  the  Dharan 
there  had  been  similar  flooding,  but  the  dt^pth  of  water  was  only 
about  five  feet,  and  only  extended  a  short  distance,  to  a  sandy  delta 
composed  of  material  brought  down  by  the  Sri  Nadi,  which  had 
nearly  joined  on  to  the  deposits  in  main  stream.  The  Sri  Nadi 
differs  from  the  other  tributaries  already  referred  to,  not  only  in  its 
greater  size  but  in  draining  the  higher  hills  by  a  steep  sided,  narrow 
gorge,  on  the  sides  of  which  are  many  landslips.  Evidently  the  stuff 
washed  down  from  these  and  from  the  valley  of  the  main  stream  and 
other  tributaries  joining  it  below  the  landslips  at  Sinya,  had  already 
raised  the  level  of  the  bed  by  over  five  feet,  before  the  great  flood 
came  down ;  the  remaining  rise  of  five  feet,  being  due  to  this  flood 
and  to  debris  brought  down  during  the  rest  of  the  rainy  season. 
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Chapter  VHI.— THE  AFTERSHOCKS. 

The  study  of  the  aftershocks  of  earthquakes  is  ooe  to  which 
much  attention  has  been  paid  of  late  years,  and  the  investigations  by 
Messrs.  OmorP  and  C.  Davison'  of  the  records  of  the  aftershocks  of 
the  great  Japanese  earthq  aake  of  1891  have  thrown  light  on  the  laws 
which  govern  their  gradual  diminution  in  number,  and  the  gradual 
shifting  of  the  main  centre  of  seismic  activity. 

In  India  there  is  no  regular  system  of  recording  earthquakes,  such 
as  has  been  established  in  Japan,  but  one  of  the  first  steps  taken 
after  the  great  earthquake  of  last  year  was  to  interest  as  large  a 
number  of  observers  as  possible  in  keeping  a  record  of  the  shocks 
felt  by  them.  Such  record  is  of  course  much  less  perfect  than  one 
kept  by  automatic  instruments,  but  in  spite  of  this  drawback  a  large 
number  of  valuable  observations  have  been  recorded,  which  will  be 
published  in  a  separate  part  of  these  Memoirs  so  far  as  seems  neces- 
sary. At  present  the  time  has  not  come,  nor  the  time  been  avail- 
able, for  a  collation  and  discussion  of  these  observations,  but  a  brief 
review  of  the  general  course  and  character  of  these  series  of  after- 
shocks may  be  given. 

At  ShillODg,  Tura,  and  all  other  places  within  the  epicentral 
area,  as  defined  in  the  next  chapter,  the  shocks  felt  during  the  day 
following  the  great  earthquake  were  to  be  numbered  by  hundreds. 
In  fact  it  is  impossible  to  give  a  number,  for  it  does  not  seem  to  be 
*  an  exaggeration  to  say  that  for  days  the  earth  never  came  to  rest,  but 
was   in   a  constant  state   of  gentle  tremor,  interrupted  at  frequent 
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was  in  a  constant  state  of  tremori  and  at  Tura  I  was  informed  that  a 
hanging  lamp  was  kept  constantly  on  the  swing  for  three  or  four 
days.  Some  idea  of  the  frequency  of  the  earthquakes  in  Shillong 
may  be  gathered  from  the  fact  that  a  record  kept  on  the  night  of 
the  19th  June,  seven  days  after  the  earthquake  showed  33  distinct 
sensible  shocks  in  4}  hours,  or  an  average  of  one  nearly  every  8 
minutes. 

Besides  the  innumerable  smaller  shocks  there  were  many  which 
would  have  attracted  considerable  attention  in  any  other  years,  and 
not  a  few  that  would  have  been  classed  as  great  earthquakes  and 
have  become  the  subject  of  special  investigation.  Dwarfed  as  they 
were,  however,  by  the  great  one  which  preceded  them  they  attracted 
comparatively  little  attention,  and  it  is  impossible  to  get  much  more 
information  about  them  than  a  somewhat  imperfect  record  of  the 
area  over  which  they  were  felt. 

One  of  these,  occurred  at  about  1-30  A.M.,  local  time,  of  the 
13th  June,  and  another  about  ii|  hours  later.  Both  of  these  were 
severe  enough  to  have  caused  great  destruction  in  the  central  area, 
had  there  been  anything  left  to  destroy,  and  were  felt  as  far  as 
Calcutta — the  former  even  as  far  as  Sutna,  on  the  East  Indian  Rail- 
way beyond  Allahabad.  At  10-40  P.M.,  of  the  13th  there  was 
another  shock  of  sufficient  extent  to  be  felt  at  Calcutta,  and  again 
at  0-47  A.M.,  on  the  14th.  After  this  there  was  a  falling  of!  in 
number  and  violence  of  the  shocks^  but  on  the  22nd  June,  at  7-34 
P.M.,  and  29th  at  10-19  p.m.,  shocks  were  again  felt  in  Calcutta. 
Towards  the  beginning  of  August  there  was  a  revival  of  seismic 
activity,  and  on  the  2nd  another  shock  which  was  felt  at  Calcutta  at 
8-58  p.m.  One  more  was  felt  on  9th  October  at  1-40  A.M.,  and  since 
then  there  has  been  no  shock  severe  and  extensive  enough  to  be 
felt  at  Calcutta. 

In  the  early  days  following  the  great  shock,  the  only  detailed 
records  I  have  been  able  to  obtain  refer  to  earthquakes  of  considerable 
severity  and   covering  a  considerable   area,  but  as   more  complete 
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records  were  obtained  it  was  foond  that  those  from  the  central 
area  were  not  011I7  remarkable  for  the  number  of  shocks  recorded, 
but  also  (or  the  fact  that  a  very  lai|^  proportion  of  these  were 
distinctly  local ;  shoclcs  being  recorded  at  one  station  fdr  which  no 
equivalent  could  be  found  at  a  neighbouring  one.  To  a  large  extent 
this  was  doubtless  due  to  inevitable  imperfections  of  the  records, 
but  after  making  every  allowance  for  this  there  remained  ample 
evidence  of  the  local  character  of  many  of  the  shocks.  That  is  to  say, 
the  subsequent  earthquakes  did  not  start  from  one  centre,  bnt  from  a 
Dumber  of  centres  scattered  over  a  large  area. 

There  is  one  point  of  view  from  which  these  shocks  can  be 
considered,  which  has  an  important  bearing  on  the  determination  of 
the  nature  and  extent  of  the  seismic  focus.  This  is  the  distribution 
in  space  of  the  shocks  felt  in  the  period  immediately  succeeding 
the  earthquake. 

At  Sbillong  and  Tura  they  were,  as  has  already  been  remarked, 
to  be  numbered  by  hundreds  a  day  for  the  first  few  days.  At  Kau- 
nia  the  Station  Master  reports  41  shocks  after  the  great  one,  up  to  the 
end  of  15th  June,  At  Maimansingh  the  meteorological  reporter 
counted  83,  while  in  north  Gauhati,  there  were  no  less  than  561  in 
the  same  period  according  to  a  correspondent  of  the  Assam 
newspaper : 

From  15th  Jttoa  to  ijtb  Jnly  I  have  records  from  Kaunia, 
Knch  Bihar  and  Mdmansingh,  and  from  north  Gauhati,  00  the 
autboritjr  of  the  correspondent  of  the  Assam  referred  to  above ; 
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From  the  latter  end  of  July  I  have  a  valuable  set  of  records  of 
earthquakeS|  kept  by  the  hospital  assistants  in  charge  of  the  dispen- 
sary in  the  Goalpara  District,  for  which  I  am  indebted  to  Surgeon- 
Major  E.  F.  H.  Dobson,  Civil  Surgeon  of  the  District.  The  value  of 
these  varies  greatly  and  at  some  stations  the  record  is  obviously  in- 
complete, but  the  broad  lines  of  the  relative  frequency  of  earthquakes 
may  be  accepted. 

The  first  point  to  notice  is  that  they   were   very  frequent  at  all 

places  near  the  north  foot  of  the  Garo  Hills.  Thus  for  the  period  1st 

to  15th  August  the    record   for  Tura  being   124  shocks  there  are 

reported— 

151  shocks  from  Darangpri, 

182  fi  t,  Goalpara, 
94  „  I,  Lakhipur, 
94      n       ,,        Krishnaif 

while  the  total  number  of  shocks  reported  from  Dhubri,  as  the 
combined  record  of  several  observers  is  only  48  for  the  same  periodi 
and  if  we  go  still  further  west,  we  have  only  12  shocks  reported  at 
Kuch  Bihar  and  28  at  Rangpur. 

Further  north  in  the  alluvial  plain  we  have  the  town  of  Bijni  in 
the  extreme  north  of  the  Goalpara  district)  where  no  less  than  105 
shocks  were  reported  by  the  hospital  assistant,  while  from  Rupsi 
10  miles  to  the  N.  \V.  of  Dhubrii  only  10  are  reported  for  the  same 
period  ist  to  15th  August.  The  Rupsi  record  is  probably  incomplete, 
but  still  there  is  good  reason  for  concluding  that  earthquakes  were 
really  much  less  frequent  there  than  at  Bijni,  and  this  is  confirmed 
by  the  reports  from  Borpeta  in  the  Kamrup  district,  whence  113 
distinct  shocks  were  reported  in  the  period  ist  to  gth  August 

Apart  from  these  records,  which  might  be  considered  to  be  taint- 
ed with  the  inaccuracy  attaching  to  most  Indian  statistics,  I  have 
independent  and  unquestionable  evidence  that  long  after  earthquakes 
had  become  rare  at  Gauhati  they  were  still  being  felt  at  the  rate  of 
several  a  day  at  Borpeta. 

(  127  ) 
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1 1  is  to  be  noticed  that  most  of  these  earthquakes  were  feeble 
ones,  which  were  not  felt  over  any  large  area,  and  were  for  the  most 
part  local.  We  have  consequently  an  area  covering  the  part  of  the 
alluvial  valley  of  Assam  on  either  side  of  the  gist  meridian,  where  the 
conditions  were  very  similar  to  those  of  the  central  area  in  the  bills ; 
that  is,  it  was  an  area  where  small  shocks  were  frequent  and  much 
more  numerous  than  in  the  country  outside. 

If  we  turn  to  the  south  of  the  hills  we  find  a  great  contrast.  Not 
only  are  tne  reported  shocks  much  fewer,  the  combined  records  of 
Sylhet  and  Sonamganj  giving  only  20  shocks  from  ist  to  15th 
August,  but  there  is  no  indication  of  their  being  markedly  more 
numerous  at  one  place  than  another  in  an  east  or  westerly 
direction. 

To  the  west  of  the  Garo  Hills  earthquakes  are  also  relatively 
numerous  and,  what  is  more  important,  there  is  a'strip  of  country  run- 
ning out  into  Bengal  where  the  conditions  are  very  like  those  of  the 
central  tract.  This  is  welt  shown  by  the  records  from  Rangpur,  which 
appears  to  have  felt  quite  a  number  of  small  shocks  that  were 
not  recorded  at  the  neighbouring  stations,  from  which  regular  returns 
were  being  received. 

An  examination  of  the  area  over  which  many  of  the  larger  shocks 
were  Celt,  shows  that  in  most  cases  the  shocks  that  were  felt  over 
the  Assam  Vatley  and  north-eastern  Bengal  did  not  penetrate 
into  Sylhet  and  Cachar  or  were  only  slightly  felt  at  places  close 
to  iheir  northern  boundary. 

Taking   these   facts  into  consideration  we  see  that  the  centres  oi 
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Chapter  IX.— RESULTS  OF  AN  EXPLORATION 
OF  THE  EPICENTRAL  TRACT, 

During  the  fine  weather  of  1897-98  I  had  an  opportunity  of 
making  an  examination  of  the  epicentral  tract,  which  could  not, 
unfortunately,  be  so  complete  as,  for  instance,  that  undertaken  by 
the  United  States  Geological  Survey  in  the  case  of  the  Charleston 
Earthquake  of  1886. 

The  reasons  for  this  are  three-fold  :  firstly,  the  great  area ; 
secondly,  the  impassable  character  of  much  of  the  country  ;  and 
thirdly,  the  limited  time  available.  Of  these,  the  last  may  be 
regarded  as  the  corollary  of  the  first  ;  had  the  area  to  be  examined 
been  only  as  great  as  in  the  case  of  the  Charleston  Earthquake,  the 
time  would  have  been  ample,  but  instead  of  an  area  with  the  largest 
dimension  of  about  30  miles,  the  corresponding  tract  of  ground 
in  the  present  case  had  a  length  of  about  300.  Added  to  the 
size  of  the  area  was  the  fact  that  a  considerable  proportion  of  it,  and 
that  too  where  the  most  extensive  permanent  changes  were  produced, 
is  covered  by  a  dense  growth  of  forest  or  bamboos,  through  which  it 
is  only  possible  to  advance  by  laboriously  cutting  every  step  of  the 
way,  once  the  beaten  track  is  left.  For  this  reason  the  examination 
had  to  be  practically  confined  to  the  beaten  tracks,  which  were  only 
left  when  there  seemed  good  reason  to  suppose  that  the  results 
would  repay  the  time  taken  up,  in  slowly  forcing  a  way  through  the 
jungle  at  a  rate  of  about  three  hours  to  the  mile. 

In  describing  the  results  obtained  I  do  not  propose  to  adopt  a 
narrative  form.  On  the  map  No.  II  is  shown  the  course  actually 
followed  on  this  tour  of  examination,  and  many  of  the  results  ob- 
tained have  already  been  incorporated  in  other  chapters  of  this  re- 
port. The  present  one  will  be  chiefly  confined  to  a  consideration 
of  the  evidences  of  permanent  changes  of  level  due  to,  or  perhaps 
rather  the  cause  of,  the  earthquake. 

Before    dealing  with    these,  it   may  be    well    here    to    notice  the 
K  (  129  ) 
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evidences  of  a  large  vertical  component  of  the  wave  motion  which 
were  to  be  obaerved  throughout  the  whole  of  the  area  examined. 

In  Captain  Howell's  report  on  the  earthquake  in  the  Garo  Hills 
it  is  mentioned  that  a  stone  lying  on  the  surface  of  the  parade 
ground  was  thrown  a  distance  of  three  feet,  and  as,  from  the  de* 
scription,  it  is  evident  that  the  stone  had  travelled  through  the 
air,  and  not  along  the  ground,  from  its  original  to  its  subsequent 
position,  it  is  evident  that  the  impulse  given  to  it  must  have  been 
upwards  as  well  as  sideways. 

Many  other  cases,  similar  to  this,  were  observed  in  other  parts  of 
the  Garo  Hills,  but  they  were  not  so  conspicuous  as  they  might 
otherwise  have  been,  owing  to  the  high  and  rank  vegetation  which 
covers  these  hilts.  It  is  different  on  the  bare  plateau  of  the  Khasi 
Hills,  where  the  combined  effects  of  greater  altitude,  smaller  rainfall 
and  annual  fires  have  denuded  the  greater  part  of  the  hillsides  of 
all  vegetation  except  grass.  Here  we  have  grassy  slopes  on  which 
pumeroas  rounded  blocks  ol  weathered  crystalline  gneiss  or  granite 
lie  more  or  less  imbedded.  Of  these,  many  were  <]riven  from  their 
teats  and  hurled  through  the  air,  leaving  4  sharply  cut  mould  in  the 
soil,  slightly  broken  down  oq  the  side  towards  which  the  block  was 
projected.  These  moulds  are  commonly  seen  on  slopes,  as  those 
in  Plate  XXXI,  but  are  also  to  be  found  on  level  patches  of 
ground,  while  the  fact  that  the  stones  were  actually  projected  through 
the  air  is  shown  by  the  marks  of  the  spot  where  they  fell,  at  varying 
distances  from  their  original  positi<»,  and  the  absence  of  any  trace 
in  between  of  their  having  touched  the  ground.    At  Nongstoin  I 
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ft9  the  general  lifnits  throughout  the  tr&ct  examinedt  When  the 
force  of  the  earthquake  was  sufficient  to  tear  these  blocks  from  their 
site,  it  appears  generally  to  have  been  sufficient  to  project  them 
about  2  ft«^  and  though  smaller  distances  of  projecjtion  are  not  uncom- 
mon,  they  are  fewer  in  comparison  than  the  greater  ones. 

About  4  ft.  is  the  usual  upper  Iimit|  though  this  is  exceeded  locally. 
The  greatest  projectioni  and  the  most  marked  evidence  of  vertical 
movement,  i  saw  was  about  four  or  five  miles  north  of  Rambrai, 
where  a  long  splinter  of  granite,  3  ft.  long  and  of  triangular  section 
with  sides  of  about  12,  10,  and  9  inches,-^a  naturally  weathered 
fragment  which  had  been  lying  flat  on  the  surface  of  the  ground- 
was  thrown  8|ft,  from  its  original  position.  About  quarter  of  a 
mile  from   this   a  group  of  small  Khasia  monoliths,  some  6  ft.  high, 
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had  been  destroyed^  not  by  breaking  off,  nor  by  upsetting,  but  by 
being  shot  upwards  out  of  the  ground  as  indicated  in  fig.  14.  One 
of  these  had  travelled  6  J  ft.  through  the  air  from  the  place  where 
it  bad  stood  to  the  place  where  a  deep  dent  marked  the  spot  at 
which  its  lower  end  had  first  struck  ground.  The  socket  in  which  its 
base  had  been  buried  was  almost  uninjured,  and  the  angle  at  which 
it  was  shot  upwards  could  not  have  been  much,  if  at  all,  less  than  6o® 
with  the  horizon. 

It  may  be  noticed  that   in  almost   every  case   of  projection   pf 
a  block   of  stone  it  also   turned  over  in  its  course,  and  now  lies  with 
its    originally    lower    side  upwards.     This    overturning   of  objects 
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projected  by  earthquakes  is  a  commonly  observed  phenomenoo,  and 
may  in  part  be  attributed  to  the  nature  of  the  impulse  imparted  by 
the  earthquake  wave.  In  the  case  of  these  projected  stones,  how- 
ever, the  ezplanatioQ  is  probably  more  simple.  In  every  case 
where  a  stone,  partially  imbedded  in  the  earth,  was  shot  out  in  a 
slanting  direction,  it  had  to  break  down  one  edge  of  the  cup  in  which 
it  lay,  and  even  where,  owing  to  the  form  of  its  under  surface  00 
actual  breaking  away  of  the  earth  was  necessary,  there  was  a 
greater  frictioaal  resistance  than  on  the  opposite  side.  Consequently 
that  side  of  the  stone,  which  lay  towards  the  direction  in  which  it  was 
thrown,  had  a  slight  drag  put  on  it,  and  so  a  spin  was  imparted  to  the 
stone,  which  made  it  turn  over  in  its  course. 

Another  point  to  be  noticed  is  that  the  stones  which  were 
projected  were  all  much  of  a  size  and,  with  very  few  exceptions,  from 
about  I  ft.  to  3  ft.  in  diameter.  The  reason  of  this  is  not  far  to  seek  ; 
each  stone,  partially  imbedded  in  the  ground,  was  restrained  by  the 
adhesion  of  the  soil  to  the  stone,  a  restraint  which  had  to  be  overcome 
by  the  momentum  imparted  to  the  stone  by  the   earthquake   ware. 

The  adhesion  is  proportional  to  the  surface  in  contact  with 
the  earth,  and  increases  with  the  square  of  the  dimensions  of  the 
stone  ;  the  force  which  tends  to  overcome  this  adhesion  varies  with 
the  mass  of  the  stone,  that  is  to  say,  with  the  cube  of  the  dimensions. 
In  the  case  of  very  small  stones,  then,  the  momentum  imparted  to  the 
stone  is  not  sufhcient  to  overcome  the  attachment,  but  as  the 
dimensions  increase  a  limit  is  reached,  when  the  pull  of  the  stone  is 
sufficient  to  allow  it  to  become    detached  from  the  soil.     The   exact 
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The  upper  limit  of  size  is  due  to  another  cause.  The  motion  of 
the  earthquake  wave  has  to  be  communicated  to  the  stone  through 
the,  comparatively,  yielding  and  inelastic  soil,  in  which  it  is  partially 
imbedded.  But  the  stone  does  not  take  up  the  motion  immediately 
or  without  some  resistance  from  its  own  inertia,  which  increases 
with  the  mass  of  the  stone,  and  part  of  the  energy  of  the  shock  is 
consequently  taken  up  in  compressing  the  soil  under  the  stone.  In  the 
case  of  smaller  fragments  this  proportion  may  be  small,  the  stone 
quickly  takes  up  the  movement  of  the  earthquake  wave,  and  the 
velocity  communicated  to  it  may  be  not  much  less  than  that  of  the 
wave  particle  in  the  rock  below  the  layer  of  soil.  The  larger  the 
mass  of  the  stone,  however,  the  slower  it  takes  up  the  motion  of  the 
wave  and  the  greater  the  work  expended  in  compressing  the  yield- 
ing soil  beneath  it ;  after  this  deduction,  the  velocity  of  movement 
actually  imparted  to  the  stone  may  be  insufficient  to  enable  it  to 
leave  its  bed  and  travel  as  a  projectile  through  the  air. 

This  upper  limit  was  about  3  ft.  in  diameter,  tha  fragments  being 
generally  of  a  rudely  spheroidal  form.  Larger  rocks  were  displaced  in 
abundance,  dislodged  from  their  sites,  and  caused  to  roll  down  the  hill- 
sideS|  but  I  saw  very  few  cases  of  stones  as  large  as  3  ft.  in  diameter 
which  had  been  actually  projected  in  a  free  course  through  the  air. 

Both  at  Goalpara  and  Gauhati  instances  of  objects  projected 
through  the  air  were  observed,  and  at  the  latter  place  there  is  inde- 
pendent evidence  of  a  high  angle  of  emergence.  In  the  centre  of 
the  river,  opposite  Gauhati,  rises  a  small  island,  commonly  known 
as  Peacock  Island,  which  is  regarded  as  sacred,  and  crowned  with  an 
ancient  temple.  It  is  stated  that  before  the  shock  of  1897,  though 
earthquakes  had  visited  and  damaged  both  banks  of  the  river,  they 
had  never  been  able  to  reach  this  island,  an  immunity  which  was 
attributed  to  its  sanctity,  but  finds  a  rational  explanation  in  the  deep 
channel  of  the  Brahmaputra  which  surrounds  it. 

The    investigations    in    Japan*  have    shown  how  completely  the 

>  J.  Milae  :  Trans.  Seismol.  Soc,  Japan,  VIII,  98;  S.  Sekiya  and   F.  Omori,   Jcur.  Coll. 
Sci.  Imp.  Univ.  Japan,  IV,  Pt.  u,  249  (1891). 
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destructive  earthquake  waves  are  confined  to  the  surface,  and  how  a 
trench  of  only  30  ft.  deep  is  sufficient  to  cut  them  off  and  protect  a 
building  by  which  It  is  surrounded,  in  the  case  of  Peacock  Island, 
the  channel  of -the  Brahmaputra  served  as  a  protection  against 
earthquakes,  at  any  rate  against  those  which  originated  at  a  distance 
and  were  travelling  nearly  horisoqtally.  Tbe  surface  waves  were 
exhausted  against  the  edge  of  tbe  river  bank,  and  the  main  wave, 
passing  under  the  channel  of  the  Biahmaputra,  left  the  island,  as  it 
were,  in  a  shadow  and  protected  from  anything  but  an  insignificant 
tremor. 

The  great  earthquake  of  18971  however,  instead  of  reaching 
Gauhati  from  a  distance,  was  travelling  upwards  from  below.  The 
bed  of  the  Brahmaputra  consequently  gave  no  protection,  and  the 
temples  on  Peacock  Island  suffered  as  severely  as  those  on  either 
bank  of  the  river. 


Before  proceeding  to  a  consideration  of  the  permanent  changes, 
which  accompanied  this  earthquake,  it  will  be  well  to  describe  briefly 
the  physical  gec^raphy  and  structure  of  the  country  involved.  The 
group  of  hills  lying  south  of  the  Brahmaputra  Valley  is  com- 
monly known  la  different  parts  by  names  derived  from  the  tribes  in- 
habiting it,  but  no  general  name  has  found  its  way  on  to  maps. 
In  previous  publications  of  this  Survey  the  names  of  Shillong  plateau 
and  Assam  range  have  been  proposed  and  used,  and  of  these  tbe 
former  is  tbe  most  descriptive  of  its  character,  the  latter  most  con- 
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there  is  a  fringe  o{  low  hilb  between  the  edge  of  the  highlands 
and  the  plains  of  Maimansingh.  To  the  east,  the  line  of  flexure 
and  faulting  bends  round  to  the  north-east  and  appears  to  become 
one  of  the  outlying  members  of  the  Patkoi  or  Barel  system  of  disturb- 
ance ;  but  too  little  is  known  of  the  geology  of  these  parts  to 
assert  this  with  certainty. 

Viewed  from  one  of  the  higher  points  the  plateau  character  of 
this  mass  of  mountains  is  conspicuous.  From  Mao-phlang,  for  instance, 
the  view  is  one  of  low,  round  topped  ridges,  all  rising  to  the  same 
general  level  and  separated  by  shallow,  open  valleys,  generally 
having  a  flat,  peaty  bottom.  The  character  of  the  country  is  that  of 
one  which,  to  use  a  term  for  which  we  are  indebted   to   the  Ameri-  ^ 

can  geologists,  has  been  *  base-levelled,'  that  is  to  say,  has  been  worn    \)  ^  ^'^  );  V^ll^ 
down  by  the  action  of  subaerial  denudation   till   rain  and  river  can 
have  but  little  further  effect  in   altering   its  form.     Such  a  form  of 
surface  could  never  have   originated   on   these  hills  in  their  present 
form  ;  it  points  to  a  much  lower  elevation,  and  a  change  in  the  charac- 
ter of  the  hills  is  even  now  going  on,  for  everywhere  deep,  steep  sid^d 
gorges  have  been  driven   into  the   elevated  mass  from  the   lowlands 
on  either  side.    The  contrast  between  these  deep  gorges  and  the 
open,  shallow  valleys  of  the  uplands  is    striking,  and  what  is  imi 
portant  to  note,   as  showing  ihe  geologically   recent  date   of  the 
upheaval,  the  transition  from  one  type  of  valley  to  another  is  abrupt. 
The  deep    gorges  run  up  into    the    hill    mass,  maintaining    thefr 
depth  for  a  varying,  but  generally  considerable,    distance  ;    then 
comes  a    comparatively  short   stretch  of  steep  gradient,  waterfalls 
and  cascades,  and   the   valley  passes  abruptly  into  the  open  base- 
levelled    type   of  the  highland    plateau,    which   has    as   yet    been 

'^  uninfluenced  by  the  altered  conditions  consequent  on  the  changd  o( 
elevation* 

The  deep  gorges  are  not,  however,  the   only  places  where  steep 

and  high  slopes  are  seen.     Traversing   the  plateau  are  a  number   of 

what,   seen  from  one  side,  appear  to  be  high  ranges,  all  of   which 
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agree  in  the  character  that  the  crest  of  the  range  is  the  edge  of 
another  plateau  sloping  away  from  the  summit  of  the  steep  ascent. 
These  ranges  vary  tn  length  and  height,  for  the  most  part  they 
have  a  general  east  and  west  or  east-sontb-east  and  west -north-west 
direction,  and  die  out  gradually  at  either  end,  though  occasionally 
they  end  up  in  a  cross  range  or  scarp. 

Of  this  character  are  the  Tura  and  Arbela  ranges  in   the  Garo 
bills,  shown  in  fig.  1 5  i  the  high  ridge  of  the  Shillong  peak^  which  over- 
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one  direction  from  the  crest,  was  once  continuous  with  the  precisely 
similar  plateau  which  slopes  up  from  the  foot  of  the  range  on  the 
other  direction.  These  ranges  are  in  fact  fault  scarps,  due  to  unequal 
elevation  along  faults,  by  which  the  rocks  composing  the  range  have 

been  split. 

The   history  of  the  Assam    range,  consequently,  falls  into  three 

stages  : First,  au  old  land  surface  which  had    long  been  exposed  to 

denudation  and  worn  down  till  the  agencies  of  subaerial  denudation 
had  almost  ceased  to  produce  any  further  change,  and  the  land 
surface  was  reduced  to  that  aspect  for  which  Prof.  W.  M,  Davis  has 
proposed  the  name  *  peneplain.'  Then  this  land  surface  was  elevated, 
and  the  elevation  was  unequal,  the  rocks  were  broken  through  by 
fissures  of  which  one  side  was  raised  further  than  the  other,  and  instead 
of  a  uniform  surface  the  old  peneplain  was  broken  up  into  portions  \ 
which  lay  at  different  heights.  Finally,  the  elevation  of  the  plateau  as 
a  whole  gave  the  streams  a  chance  of  eroding  once  more,  deep 
gorges  were  driven  into  the  range,  and  in  parts  the  re«shaping  of  the 
surface  has  gone  so  far  that  almost  all  trace  of  the  old  peneplain  is  i 
lost. 

One  point  more  may  be  noticed,  that,  so  far  as  the  main  mass 
of  these  hills  is  concerned,  the  last  elevation  does  not  seem  to 
have  been  accompanied  by  any  marked  compression.  Undulations 
of  the  plateau,  sometimes  of  considerable  height,  have  been  formed, 
besides  the  fault  scarps,  and  these  may  indicate  some  compression. 
It  is  possible,  too,  that  the  faults  are  reversed  ones,  and  so  in- 
dicate compression  to  a  small  degree,  but  on  this  point  there  is  no 
evidence  available.  Any  way,  the  amount  of  compression  which  has 
taken  place,  if  any,  must  be  small  in  the  main  mass  of  the  range.  ' 
On  the  southern  edge,  where  we  come  into  the  region  of  tertiary  and 
cretaceous  sedimentary  rocks  we  also  enter  a  region  where  there  has 
been  a  certain  amount  of  compression,  as  evidenced  by  the  folding 
of  the  strata.  Though  the  amount  of  compression  undergone  is 
small  in  proportion  to  that  which  the  rocks  of  the  Himalayas  have 
undergone,  it   is    not    inconsiderable   and    points   to    an    approach 
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between  the  tnain  mass  of  the  ranjfe  to  the  north  and  the  portion  of 
the  earth's  crmst  which  lie«  to  the  south.  The  consideration  of  the 
nature  and  direction  of  the  movement  which  has  caaaed  this  must, 
however,  be  deferred. 

After  this  brief  account  of  the  physical  geography  and  structure 
of  the  country  concerned,  we  may  proceed  to  a  consideration  of  the 
evidence  of  permanent  changes  due  to  the  earthquake.  These 
may  be  cUssiBed  as  follows  :— (i)  FaulU  and  fractures,  (a)  differ- 
ential changes  of  level,  evidenced  hy  interruptions  of  drainage,  un- 
accompanied by  faulting,  (3)  changes  of  level  evidenced  by  reported 
changes  in  the  aspect  of  the  landscape,  and  {4)  changes  proved  by 
a  re-observation  of  the  triangles  of  the  Great  Trigonometrical  Survey.* 

Of  the  faults  and  fractures,  the  most  conspicuous  example  is 
that  of  the  Chedrang  fanit,  as  i  shall  call  it,  from  the  name  of  the 
stream  whose  valley  it  follows.  A  sketch  plan  of  part  of  the  course 
of  this  fault,  showing  its  effect  on  the  drainage  courses  it  crosses 
is  given  on  Plate  XLII,  and  in  describing  it,  1  propose  to  start  at 
the  point  where  it  dies  out,  or  at  any  rate  beyond  which  it  was  not 
traceable,  some  six  or  seven  miles  SSE  from  where  the  Chedrang 
enters  into  the  plains  at  Dilma. 

At  this  point  the  fault  is  not  directly  recognisable  by  any 
throw  at  the  surface^  but  the  hillside  is  very  much  fissured^  the 
vegetation  has  -been  much  disturbed,  and  not  a  few  small  trees 
have  been  snapped  off  like  that  depicted  in  iig.  16,  p.  150. 
Following    the   line  of     this    disturbance  to    the   NNW  the  fault 
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2  feet,  the  upthrow  beingi  as  everywhere  else,  on  the  eastern  side. 
After  continuing  on  the  east  of  the  river  for  about  half  a  mile,  the 
fault  crosses  it  once  more  and,  the  upthrow  being  on  the  down  stream 
side  of  the  fault,  the  river  has  been  ponded  up  for  a  distance  of 
about  quarter  of  a  mile  upstream.  At  this  point  the  fault  is  double, 
being  two  parallel  step  faults  separated  by  about  20  yards. 

Continuing  to  NNW  the  fault  keeps  in  the  valley,  close  to  the 
main  stream,  and  has  given  rise  to  a  number  of  small  pools  by 
blocking  the  side  drainage.  One  of  these,  which  had  no  outlet,  was 
about  six  or  eight  feet  deep,  to  judge  by  the  appearance  of  the 
drowned  vegetation  in  it  ;  the  bed  of  the  old  watercourse  was  re- 
cognisable, and  its  vertical  height  above  the  surface  of  the  watec 
was  20  feet,  as  determined  by  an  Abney's  level.  As  this  old  stream 
bed  was  formerly  continuous  with  the  one  now  submerged  in  the 
pool,  the  total  throw  of  the  fault  cannot  here  be  less  than  25  feet. 

Immediately  beyond  this  pool  the  fault  once  more  crosses  the 
Chedrang  and  forms  the  waterfall  shown  in  Plate  XIV.  The  waterfall 
is  a  direct  result  of  the  fault,  but  it  does  not  occupy  the  exact  fault 
line  ;  this  is  seen  in  section  on  the  river  side,  and  the  rock  on  the 
east  is  seen  to  be  shattered  by  a  great  number  of  nearly  parallel 
and  vertical  fissures,  which  cut  the  rock  into  small  fragments.  These 
have  been  washed  away  by  the  rush  of  the  stream  when  in  flood,  for 
a  distance  of  about  20  feet  back  from  the  fault  line,  and  the  frag- 
ments dislodged  have  accummulated  below  the  fall,  rcdticing}  its 
height  to  about  9  feet. 

Below  the  waterfall  the  fault  runs  along  the  stream  bed  for 
about  half  a  mile,  and  the  river  now  flows  in  a  depression  on  the 
downthrow  side  of  the  fault,  while  the  old  river  bed  lies  high 
and  dry,  as  shown  in  Plate  XV.  Here  we  see  on  the  right  the  old 
river  bed  with  its  waterworn  boulders  ;  on  the  left  is  the  present 
channel,  and  separating  the  two  is  the  fault  scarp^  composed  in  the 
foreground  of  rock,  and  further  back  of  river  boulders  from  top  to 
bottom. 

About  half  a  mile  below  the  waterfall,  the   fault    leaves  the  river 
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bed  and  runs  for  a  short  distance  cIoBe  to,  but  west  of,  tlie  river 
before  it  enters  a  broad  sheet  of  water.  This  pool,  whose  recent 
origin  is  shown  by  the  number  of  dead  trees  and  bamboo  clumps 
standing  in  the  water,  has  a  maximum  depth  of  18  feet ;  it  covers  the 
course  of  the  fault,  but  the  inequality  of  ground  level  could  be  traced, 
by  sounding,  for  some  distance  into  the  pool.  At>out  quarter  of  a 
mile  from  where  it  enters  the  pool,  the  fault  leaves  it  once  more,  and 
here  the  throw  has  been  reduced  to  almost  nothing.  Following  the 
line  of  fault,  it  is  found  to  increase  in  throw  and  to  form  a  large  pool 
by  interrupting  the  drainage  of  a  tributary  valley.  The  throw 
increases,  in  about  quarter  of  a  mile,  from  nothing  to  25  feet  and 
a  short  way  on,  where  the  fault  rises  up  on  to  the  hillside,  to  31  feet. 
Returning  to  the  pool  mentioned  above,  through  which  the  fault 
runs,  it  has  a  length  of  fully  half  a  mile  and  a  breadth  of  between 
300  and  400  yards.  The  noteworthy  point  about  it,  however,  is 
that  it  differs  from  the  other  pools  noticed  as  yet,  in  the  fact  that  its 
barrier  is  not  directly  formed  by  the  fault.  The  pool  spreads  across 
the  fault,  and  its  outlet  in  the  old  channel  of  the  Chedrang  lies  to  the 
east  of  the  fault  line.  At  the  outlet  there  is  nothing  in  the  shape  of 
a  harrier  visible,  the  channel  of  the  stream  merely  gets  deeper  in  an 
upstream  direction,  and  its  bed  sinks  gradually,  with  no  sudden 
change,  under  the  waters  of  the  lake.  In  other  words,  the  natural 
slope  of  the  channel  has  been  reversed  and  a  depression  formed  in 
which  the  water  accummulated.  Now,  i(  we  return  to  a  consideration 
of  the  fault,  we  see  that  the  maximum  width  and  depth  of  this 
pool  is  where  the  fault  has  no  throw,  while  the  barrier  corresponds 
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hundred  yards  up  stream  from,  where  the  Chedrang  is  joined  by 
a  considerable  tributary  from  the  east,  just  where  the  village  of 
Dalbot  is  marked  on  sheet  124  of  the  Atlas  of  India.  At  this 
place  the  destructive  energy  of  the  earthquake  is  very  marked. 
Huge  blocks  of  granite,  ten  and  twenty  feet  in  diameter,  have  been 
dislodged  from  their  positions  and  thrown  about.  One  block, 
roughly  cubical  and  about  40  ft.  X  30  ft.  X  30  ft.,  happened  to  lie  across 
the  line  of  fault  and  was  overturned  by  it.  Clumps  of  bamboos  were 
bodily  overturned,  and  bamboos  and  trees,  even  where  still  standing, 
were  killed,  evidently  by  the  violence  of  the  shock  ;  in  such  a 
climate  it  is  impossible  to  attribute  their  death  merely  to  a  loosening 
of  the  soil  and  consequent  drying  up  of  the  roots. 

Near  the  junction  of  the  tributary  referred  to  above,  and  quite 
200  feet  or  more  in  a  direct  line  from  the  main  fault,  the  gneiss  in 
the  Chedrang  riverbed  was  seen  to  have  undergone  some  disturbancei 
and  along  numerous  planes  of  jointing,  or  old  slickensides,  a  small 
movement  of  a  few  inches  had  taken  place,  always  with  the  upthrow 
on  the  east. 

Proceeding  down  the  main  valley,  the  fault  is  struck  once  more, 
after  having  crossed  a  spur  of  the  hills  to  the  west  of  the  Chedrang, 
and  crosses  the  river  obliquely,  forming  a  waterfall.  The  throw  here 
has  sunk  to  about  8  feet,  the  upthrow  being  still  on  the  east  and  the 
general  course  about  north-north-west,  with  numerous  local  irregu- 
larities. The  fault  keeps  close  to  the  river  for  about  half  a  mile 
crossing  it  three  times  and  forming  a  pool  when  the  upthrow  is  on  the 
downstream  side,  or  a  waterfall  where  it  is  on  the  upstream  side  ; 
the  throw  of  the  fault  increases  to  18  feet  measured,  and  probably 
more  where  there  were  no  means  of  exact  measurement. 

The  fault  has  now  crossed  to  the  west  of  the  river  and  continues 
so  for  nearly  a  mile.  The  throw  dies  out  till  it  is  only  traceable  with 
great  difficulty,  but  increases  once  more,  and  the  fault  crosses  a  series 
of  low  spurs,  forming  three  lakelets  by  blocking  the  side  drainage. 
Two  of  these  are  of  fair  size,  of  triangular  shape,  one  about  300  yards 
in  length  along  the  barrier  formed  by  the  fault,  the  other,   situated 
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close  to  where  the  village  of  Dilma  ib  marked  on  the  Garo  Hills 
District  map  and  on  sheet  124  of  the  Atlas  of  India,  is  rather  larger. 
The  fault  here  has  a  throw  of  about  30  feet,  and  in  this  lake  two 
Garos  are  said  to  have  been  drowned.  According  to  the  account 
given  me,  they  were  travelling  along  a  footpath,  which  ran  down  this 
side  valley,  when  the  earthquake  took  place  and  the  waters  collected 
with  such  rapidity  that  they  were  drowned.  If  there  is  any  truth  at 
all  in  the  story,  it  is  probable  that  they  found  themselves  close  to  the 
fault  line  and  were  stunned  either  by  the  violence  of  the  shock  or  by 
a  falling  tree  or  rock. 

Returning  to  the  place  where  the  throw  of  the  fault  had  fallen 
to  nothing,  it  must  be  noted  that  here  again  a  large  pool  is  formed 
in  the  main  stream,  but  altogether  east  of  the  fault.  Owing  to  the 
valley  being  more  open,  filled  with  alluvium,  and  the  gradient 
lower,  this  pool  is  larger  than  the  similar  one  further  up  stream.  It 
was  more  than  half  a  mile  long  and  nearly  as  broad  at  its  broadest 
point,even  when  I  saw  it  in  February,  and  had  evidently  extended 
even  further  on  either  side,  over  the  almost  level  alluvial  plain, 
before  the  outlet  was  cut  down.  Its  outlet  is  similar  to  that  of  the 
upper  pool,  except  that  instead  of  a  stony  bed  there  is  sandy  alluvium; 
the  bed  simply  sinks  under  the  water  of  the  lake,  and  the  change 
from  lake  to  stream  is  gradual  and  unaccompanied  by  any  faulting  or 
sudden  break. 

Returning  to  the  fault  where  we  left  it,  it  very  soon  crosses  the 
Chedrang,  but  the  bottom  of  the  valley,  being  here  filled  with 
alluvium  instead  of  having   a  rocky  bottom,  no  waterfall    has  been 
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Plate  XVr,  and  at  the  outer  edge  of  the  hills,  near  Kacharipara  of 
the  Survey  of  India  maps,  it  runs  through  the  rice  fields,  which 
have  been  tilted  up  in  a  smooth,  unbroken  slope  between  the  upper 
and  lower  levels  on  either  side  of  the  fault. 

Here  the  fault  runs  out  into  the  open  plain,  where  the  thick- 
ness of  alluvium  is  very  great,  and  consequently  cannot  be  followed 
with  definiteness,  but  it  does  not  die  out,  for  its  effects,  as  those 
of  another  fault  on  about  the  same  run,  are  very  noteworthy  at 
Jhira. 

The  village  of  Jhira,  which  owed  what  importance  it  had  to  a 
weekly  fair,  was  situated  on  the  left  bank  of  the  Krishna!,  about 
three  miles  below  the  confluence  of  the  Chedrang,  The  bazar  is 
now  flooded,  and  in  February  there  was  about  three  feet  depth  of 
water  over  it.  Northwards  from  Jhira,  and  extending  to  the  foot 
of  the  hills  on  the  west,  there  is  a  broad  sheet  of  water^  about  a  mile 
and  a  half  long,  about  three  quarters  of  a  mile  broad,  and  some  la 
feet  deep.  At  Jhira,  the  river  bed  is  obliterated  by  the  waters 
which  stand  above  its  banks ;  following  the  old  channel  down 
stream  the  banks  gradually  rise  out  of  the  water,  which  gets  shallower 
till  finally  the  river  bed  rises  in  a  gentle  slope  of  dry  sand.  Ac* 
cording  to  the  reports  of  the  engineer  who  was  deputed  by  the 
Assam  Government  to  enquire  into  the  floods  consequent  on  the 
earthquake,  this  barrier  rises  to  a  height  of  about  15  feet  above  the 
present  dry  weather  level  of  the  Krishnai  and  has  a  length  of  a 
quarter  of  a  mile  to  where  the  bed  again  carries  water,  brought  into 
it  by  a  tributary. 

On  the  east  side  of  the  Jhira  lake  there  is  ample  evidence  of 
change  of  level,  for  part  of  the  dry  land  was  formerly  jhil  and  per* 
petually  under  water,  and  at  one  place  the  remains  of  an  old  irri- 
gation channel  can  be  seen,  which  formerly  carried  water  to  the 
low  lands  on  the  east,  but  now  rises  steeply  from  the  water  level. 
At  the  northern  end  of  the  lake  the  drainage  how  makes  its  escape 
in  a  broad  and  shallow  sheet  of  water  over  what  was  once  high 
land  covered  with  sal  forest.     After  a  short  course  of   this  nature  it 
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has  found  an  old  drainage  channel,  of  a  small  tributary,  and  widened 
this  out,  falling. into  the  old  course,  after  a  succtssion  of  rapids, 
about  a  mile  and  a  half  from  the  northetn  end  of  the  take,  or  about 
three  miles  in  a  direct  line  from  Jhira.  Between  the  lake  and  the 
junction  of  the  new  and  old  courses,  and  between  them  and  the  low 
spur  to  the  west,  the  flood  waters  have  spread  over  a  large  area  of 
what  was  once  high  land,  and  are  estimated  to  have  killed  not 
less  than  50,000  sa/  trees. 

The  barrier  by  which  this  lake  is  formed,  that  which  crosses  the  main 
channel  of  the  Krishnai,  appears  to  be  directly  due  to  the  fault,  which, 
on  account  of  the  great  thickness  of  alluvium,  manifests  itself  as  a 
gentle  roll  or  undulation  of  the  surface  and  not  as  a  sharply  dehned 
scarp.  Following  the  line  of  the  fault  it  should  strike  a  long  spur 
of  low  hills  which  runs  out  northwards  into  the  alluvium,  but  1  could 
find  no  trace  of  it  there,  and  the  fault  appears  to  have  died  out 
Whether  it  re-appears  further  on  along  this  line  I  cannot  say,  as 
I  had  no  opportunity  of  exploring  this  country.  The  water,  however, 
now  finds  its  escape  over  ground  which  formerly  lay  at  a  higher  level 
than  the  stream  bed,  and  this  is  now  lower  than  the  crest  of  the 
barrier  across  the  old  channel,  though  lying  on  the  upthrow  side 
of  the  fault.  From  these  facts  we  may  conclude  that  the  throw  of  the 
fault  must  have  become  less,  in  the  neighbourhood  of  the  present  out- 
let of  the  lake,  than  at  the  place  where  it  crosses  the  old  bed  of  the 
Krishnai;  in  other  words,  that  it  diminishes  to  the  northwards  of 
Jhira  and  it  is  not  improbable  that  it  may  die  out  altogether  before 
reaching  the  low  hills  to  the  north  and  west  of  that  place. 
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been  altered.  Large  areas  have  been  permanently  floodedi  but  the 
boundaries  of  the  flooded  areas  are  irregular  and  principally  deter- 
mined by  the  original  inequalities  of  the  surface  of  the  gfound. 

Having  described  the  course  of  this  fault  in  detail  there  are 
certain  aspects  of  it,  as  a  whole,  which  require  notice.  Firstly, 
although  the  throw  of  the  fault  varies  from  over  35  feet  to  nothing,  yet, 
wherever  there  is  any  perceptible  throw,  the  upthrow  is  always  on 
the  east  and  the  downthrow  oil  the  west.  Secondly,  I  was  unable 
to  detect  any  pronounced  horizontal  movement  of  one  side  with 
reference  to  the  other,  in  other  words,  the  displacement  appears 
to  have  been  simply  up  or  down,  so  that  the  fault  is  a  fault  pure 
and  simple,  and  not  a  heave.  Thirdly,  wherever  the  plane  of  the 
fault  could  be  seen  in  rock  it  was  practically  vertical,  with  no  pro- 
nounced hade  in  either  direction.  Fourthly,  the  displacement  appears 
to  have  been  principally,  if  not  entirely,  an  elevation  of  the  upthrow 
side  and  not  a  depression  of  the  downthrow  side  of  the  fault. 

With  regard  to  the  last  mentioned  point  it  is  not  possible  to 
speak  with  the  same  positiveness  as  on  the  first  three,  for  the  only 
measurements  that  can  be  made  with  certainty  are  differential  ones ; 
that  is,  the  present  difference  of  level  of  two  points  which  were 
formerly  on  the  same  level  can  be  measured,  but  it  is  not  possible  to 
determine  whether  one  has  gone  up  or  the  other  down.  There  are, 
however,  some  considerations  which  bear  out  the  conclusion  for- 
mulated above.  The  two  large  pools,  which  correspond  in  position 
to  what  may  be  called  the  node^  of  the  fault,  that  is,  the  places 
where  the  throw  becomes  «//,  are,  as  has  been  explained,  due  to 
the  raising  of  a  barrier  across  the  river  channel,  whereby  it  was 
given  a  reverse  slope.  Now  it  is  conceivable  that  this  might  be 
due  to  a  general  and  uniform  subsidence  on  the  downthrow  side, 
and  an  unequal  subsidence  on  the  upthrow  side,  whereby  certain 
parts  retained  their  original  level  while  in  others  the  subsidence 
was  equal  to  that  of  the  downthrow  side  of  the  fault.  In  this  way 
hollows  would  be  formed  on  the  upthrow  side  in  which  water 
would  accumulate. 
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Tfais  explanatioa  seems  to  be  excluded  in  the  case  of  the 
lowermost  of  the  pools,  that  at  Jhira.  Here  the  rapids  between  the 
preseDt  outlet  of  the  lake  and  the  point  where  its  waters  join  the  old 
channel,  are  of  the  character  of  those  in  a  mountain  stream,  although 
it  flows  over  alluvium  instead  of  rock.  The  steepness  of  the  gradient 
here  could  be  explained  by  the  raising  of  the  water  level  due  to  actual 
elevation  o(  a  barrier  or  to  a  depression  of  the  old  stream  bed  where 
it  is  rejoined  by  the  water.  But  though,  so  far  as  the  short  reach  of 
rapid  current  is  concerned,  we  might  attribute  the  gradient  equally 
to  a  raising  of  the  upper  end  or  a  depression  of  the  lower,  yet  the 
latter  explanation  is  here  excluded  by  other  considerations. 

The  whole  of  the  alluvial  plain  of  Lower  Assam  is  raised  but  little 
above  the  sea,  and  the  gradient  of  the  rivers  is  about  as  small  as  it 
could  be,  BO  that  if,  in  this  area,  there  had  been  subsidence,  sufficient 
to  account  for  the  gradient  of  the  stream  bed,  the  area  depressed 
could  not  but  be  flooded  with  water.  Such  depressions  have,  perhaps, 
been  formed,  as  will  be  noticed  further  on,  but  so  far  as  I  could 
discover,  nothing  of  the  sort  has  taken  place  along  the  Krishnai  in 
that  part  of  its  course  immediately  below  the  Jhira  lake. 

For  this  reason  we  may  conclude  that,  in  the  alluvium,  there 
was  an  actual  elevation  of  the  upthrow  side  of  the  fault,  and  by 
analc^y  we  may  extend  the  same  conclusion  to  that  portion  of  the 
fault  which  lies  within  the  hills.  At  the  same  time  it  is  possible  that 
there  may  have  been  more  or  less  depression  on  the  downthrow  side, 
and  that  the  visible  throw  at  any  point  is  made  up  of  the  sum  of 
elevation  on  the  one  side  and  depression  on  the  other. 
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On  the  route  traversed  along  the  head  of  the  Chedrang  drainage  area 
Taking  the  limit  of  12  miles  for  its  length,  this,  combined  with  the, 
observed  throw,  would  be  sufficient  to  account  for  a  very  severe 
earthquake,  and  it  is  fortunate  that  it  was  not  discovered  at  the  out- 
set of  the  examination,  for  it  might  well  have  been  regarded  as  a 
sufficient  caUse,  and  the  area  of  the  examination  much  restricted.  As 
a  matter  of  fact  nearly  all  of  the  observations  which  follow  were 
made  before  this  great  fault  was  found,  and  the  general  result  is 
that  the  Chedrang  fault,  though  by  far  the  most  conspicuous,  is  but  a 
small  fraction  of  the  total  of  the  permanent  changes  which  accom* 
panied  the  earthquake.  It  must  consequently  be  regarded  as  only 
part  of  the  cause  of  the  earthquake. 

About  10  miles  due  south  of  the  termination  of  the  Chedrang 
fault  IS  the  village  of  Samin,  past  which  the  main  road  runs  south- 
wards from  Damra  through  the  Garo  Hills.  Just  before  the  road 
reaches  the  Ronghri  River  there  is  an  abrupt  rise  of  about  10  feet, 
and  on  either  side  of  this  a  low  but  steep  rise,  in  the  surface  of 
the  alluvial  gravels,  runs  in  a  WNW — ESE  direction.  At  first 
sight  there  is  nothing  to  distinguish  this  from  the  natural  termina- 
tion of  a  terrace  of  valley  gravels,  except  the  steepness  and  bioken 
character  of  the  road  where  it  drops  from  the  upper  to  the  lower 
level.  On  the  left  of  the  road,  however,  there  are  as  shown  in 
Plate  XIII  the  remains  of  an  old  Garo  house.  The  low  cliff  just 
mentioned  runs  through  the  centre  of  this,  and  one  of  the  posts,  which 
supported  the  raised  platform  of  the  house,  can  be  seen  standing 
below,  and  another  above,  the  break  in  the  ground  level.  As  the  tops 
of  these  posts  must  have  been  on  a  level  with  each  other  when  the 
house  was  built  and  as  the  top  of  the  one  is  now  10  ft.  higher  than 
that  of  the  other,  they  show  that  the  throw  of  the  fault,  for  such  it 
is,  was  10  feet  at  this  point. 

This  Sclmin  fault  is  smaller,  both  as  regards   throw  and  length 
than  the  Chedrang  fault ;  its  general  course  is  also  different,   being 
about  E  30°  S— W3o°  N    and    the    upthrow    is   on    the    southern 
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side  as  indicated  in  the  plan  drawn  on  Plate  XLll,  To  the  east 
of  Ihe  road  it  crosses  a  tributary  of  the  Ronghri,  down  whose  valley 
the  road  runs,  and  has  ponded  up  fhe  water  (or  a  length  of  about 
quarter  of  a  mile.  The  fault  then  crosses  a  tributary  of  this  stream 
and,  running  up  over  the  hills,  forms  a  small  lake,  whose  old  outlet  \a 
now  dry,  a  new  outlet  having  been  formed  along  the  fault  line  ;  the 
fault  runs  on  over  a  spur  and  once  more  crossing  the  tributary 
stream  has  formed  a  small  lake.  It  can  be  traced  (or  about  a  mile 
further,  following  the  lines  of  minor  drainage,  till  it  dies  out  and  js 
lost.  In  the  continuation  of  the  run  o(  the  fault  in  this  direction 
some  small  pools  were  seen  to  have  been  formed,  but  the  fault  could 
not  be  traced  as  such. 

In  the  opposite  direction  it  can  he  traced  for  rather  more  than 
a  mile,  forming  several  small  pools  in  its  course,  and  is  lost  in  a 
broad,  grassy  plain  over  which  the  flood  waters  of  a  stream,  whose 
channel  had  been  dammed  by  the  fault,  found  their  way.  The  total 
kngth  of  this  fault  is  thus  about  2}  miles,  with  a  maximum  throw  of 
10  feet,  dying  off  in  either  direction  to  nothing. 

Leaving  for  the  present  the  mention  of  a  few  smaller  faults  which 
were  observed,  we  may  proceed  to  the  consideration  of  the  Bordwar 
fault- fissure,  or  fracture.  I  use  this  term  to  distinguish  it  from  the 
faults  on  the  one  hand,  in  which  there  has  been  a  change  in  the 
relative  levels  of  the  ground  on  the  one  hand,  and  on  the  other  hand 
from   the  earth   fissures  descritied  in   chapter   Vil,  which   are   the 

ults  of  tlie  earthquake  wave,  being  in   no  way 
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To  the  south-west  of  the  old  bungalow  there  rises  a  low  hill  of 
gneiss  which  was  reported  to  have  been  rent  from  top  to  bottom  by 
the  earthquake.  On  examination  I  found  that  the  statement  was 
correct,  though  based  on  an  erroneous  inference ;  a  line  of  fis- 
suring  can  be  traced  up  the  north-east  face  of  the  hills  and  across 
the  crest,  but  it  is  not  the  fracture  itself  which  is  visible  from  a  dis- 
tance and  led  to  the  report  that  was  made. 

The  actual  fracture  is  only  a  few  inches  wide,  it  has  rent  the  solid 
rock  and  in  its  immediate  neighbourhood  the  violence  of  the  shock 
was  extreme.  Trees  have  been  overthrown  or  killed  as  they  stood  ; 
a  huge  mass  of  rock,  dislodged  from  near  the  crest  of  the  hills  has 
rolled  down  the  slope,  scoring  the  side  of  the  hill.  On  the  opposite 
side  an  equally  large  block  has  been  dislodged,  and  in  its  downward 
course  cleared  a  straight  track  down  the  hill  ;  and  on  the  summit  a 
gap  has  been  cleared  by  the  overthrow  of  trees  along  the  line  of 
fracture.  It  was  this  gap  and  the  two  scores  down  the  hillsides 
which  appear  to  have  given  rise  to  the  report  that  the  hill  had  been 
rent  from  top  to  bottom  ;  at  any  rate  they  were  pointed  out  to  me 
as  the  course  of  the  fissure. 

At  first,  on  seeing  what  was  the  true  character  of  the  appearances 
on  which  the  report  was  based,  the  natural  inclination  was  to  reject 
it  as  one  of  the  fables  which  are  narrated  of  earthquake  effects ;  but 
the  band  of  trees,  killed  as  they  stood,  which  ran  up  north-east 
side  of  the  hill  showed  that  something  unusual  had  happened,  and  on- 
a  closer  examination  it  was  found  that  great  slabs  of  weathered- 
gneiss  had  been  rent  in  two,  and  on  the  crest  there  was  a  well  marked 
depression,  like  a  small  ditch,  running  away  to  south-west. 

This  fracture  is  not,  however,  confined  to  this  hill.  To  the  norths 
east,  on  the  face  of  the  mass  of  hills  to  the  east  of  the  alluvium,  a 
line  of  landslips  could  be  seen,  and,  on  following  this  up,  a  zone  of 
fissuring,  accompanied  by  great  overthrow  of  trees  and  breaking  of 
bamboo  clumps,  could  be  traced  for  about  half  a  mile  into  the  hills 
before  it  became  too  indistinct  to  be  traceable. 

The  line  of  this  fracture  runs  almost  under  the  manager's  bungalow, 
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■miuch  was  completi^lj  levcDed  to  the  gnnad  and  aomeraos  eartl^ 
fisaores  ofiened.  Seme  of  tbem  mAj- have  bceadirectlTcoanected  with 
the  fractsre,  as  the  depth  reported  to  have  been  measured.  45  feet, 
aeema  greater  than  is  likdj  to  be  coodisteac  with  aa  origin  in  the 
aaoaer  described  ia  chapter  V'lL 

A  Feature  lilce  this  is  oatnrallT'  more  diScalt  to  foUow  than  a 
(aiilc  acarp,  and  foe  some  distance  to  the  soath-west  it  is  only  im- 
perfectly marked  hj  a  anmber  of  small  landslips  aad  destmction  at 
jungle^     Ahowt  3|  auita  ■oatb^wcst  of  the  bill  there  is  a  forest  path 
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either  side,  and  towards  the  centre  of  this  band  the  overturned 
trees  are  not  only  more  numerous,  but  many  of  the  smaller  ones,  up 
to  6  inches  in  diameter,  have  been  snapped  across  by  the  violence 
of  the  shock,  as  shown  in  fig.  i6. 

Still  further  to  the  south-west,  at  the  junction  of  the  Lokia  J^b 
with  the  Kulsi,  a  line  of  disturbance  runs  diagonally  along  and  down 
the  hillside,  and,  where  the  soil  is  shallow,  many  trees  have  been 
killed.  Still  further  to  the  south-west  a  band  of  overturned  trees  can 
be  traced  through  the  submerged  forest  at  Ukiam  (see  p.  123),  but 
beyond  this  I  was  not  able  to  trace  the  fracture. 

The  total  length  for  which  this  fracture  has  been  traced  is  con- 
sequently about  7  miles,  and  along  the  whole  of  this  there  is  nowhere 
any  definite  and  conclusive  indication  of  movement,  whether  vertical 
or  horizontal,  though  at  many  points  there  are  indications  of  a  small 
change  of  level.  The  amount  is  nowhere  even  so  much  as  one  foot, 
but  where  there  is  any  indication  at  all,  the  upthrow  seems  to  be  o» 
the  south. 

Besides  the  larger  fractures,  which  could  be  followed  for  some 
distance,  a  number  of  smaller  ones  were  seen,  in  the  form  of  small 
faults  of  a  few  inches  to  a  foot  or  so  throw,  and  lines  of  fissuring 
crossing  the  ^ath.  In  many  cases  it  was  impossible  to  determine 
whether  these  were  really  faults  or  fractures,  or  merely  incipient  land- 
slips, and  it  was  only  towards  the  end  of  the  tour,  and  after  the  larger 
faults  had  been  examined  in  detail,  that  I  began  to  recognise  those 
signs  of  unusually  great,  but  very  local,  violence  which  distinguish 
faults  and  fractures,  from  the  fissures  which  merely  mark  an  incipient 
landslip. 

Looking  back  over  my  notes  and  recollections,  I  think  that 
many  of  them  must  have  been  crossed  in  the  central  part  of  theGaro 
Hills,  but  of  those  only  one  was  certain  enough  to  be  marked  on 
the  map.  This  is  a  small  fault  in  the  lands  of  Mandalangiri,  in  the 
Garo  Hills,  and  about  ij  mile  north  of  the  camping  ground.  This 
fault  crossed  the  path  on  the  crest  of  a  spur  and   ran    in   an   WN  W- 
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£S£  direcijoc,  tnasrcne  to  ll>e  raa  o4  tbc  crrst  el  tbe  ricge.  vith 
a  cvrnvthiow  of  iiomx  2  ieei  to  tbe  sootk.  Off  tlie  psili  lire  ihnm 
fOcU  &«  t*  recDgaitcd,  Kit  iLc  liseof  tbe  faslt  cobj^  be  tiacrd 
tis^nrgt  a  dearlug  for  abcM  300  yards   before  it  vas  lost  in    dense 

We  oDme  now  to  tbe  coanderati  oo  of  tbc  second  class  of  pcnna- 
se^l  dsangcs,  tbe  lakes  or  pools  fonaed  bj  iateiTzptSfws  of  tbc 
gradient  of  diaioa^e  cbaanets,  not  directJj  doe  to  faahing.  Tbe  prio< 
cq»^  groop  of  tbes«  Ees  is  tbe  north-eastern  poctSoo  of  tbc  Garo  HDls 
Dictnct,  tD  tbe  Kxnb  asd  sostb-eastwards  of  tbe  faalts  ab^adj  de- 
scribed. Id  dcscrilHag  tbem  it  viO  be  more  coDTenirat  to  start  ftoai 
tbe  s03tb  and  take  tbem  in  tbe  order   in  wbicb   tbey   were  actnaD; 


Tbe  first  of  those  seca  bjr  me  was  in  tbe  TalleT  of  tbe  Rongi- 
tham  lirer,  about  3  miles  abore  its  conflnencc  wilb  the  Samsang 
or  western  biaacfa  of  tbc  Sameswan,  and  in  tbe  lands  of  tbe  village  ol 
Dobokbt^  1  first  saw  this  at  its  outlet,  and,  00  being  informed  that 
llus  was  the  lake  of  which  I  had  beard,  it  was  ilifficnlt  to  realise 
^^^7t  there  was  anything  nnnsoal.  To  tbe  left,  or  down  stream,  tbe 
stream  bed  was  ordinary  coarse  shingle,  a  natural  noant^n  torrent 
bed,  to  the  right  stretched  a  pod  which  at  first  sigfafdid  not  differ 
from  the  pools  which  are  conaioo  enough  on  moant^n  streams.  I 
was  however,  informed  tbat  before  tbc  eaithqnake  there  had  beea 
tM  pool  here,  bot  a  reach  of  rock  and  boulders  exactly  similar  to 
tbfi  poftioP  of  ttie  stream  bed  below  the  present  pooL 
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As  the  water  in  the  pool  deepened,  the  lower  line  of  vegetation 
on  the  banks,  marking  normal  high  water  level,  descended  to  the 
water's  edge,  and  then  trees  were  seen  standing  in  the  water  and 
killed  by  the  submergence  of  their  roots.  About  200  yards  from 
the  lower  end  the  stream  bed  takes  a  bend,  and  here  the  greatest 
depth  of  water  was  found  to  be  12  feet.  On  the  inner  or  concave  side 
of  the  bend  was  a  gently  sloping  terrace  of  stream  gravels,  which 
had  been  partially  submerged,  and  a  number  of  trees  and  bamboo 
clumps  had  been  killed,  their  dead  stems  standing  up  out  of  the  water 
and  proving  the  recency  of  their  submergence.  Here  the  track 
from  Darangiri  crosses  the  stream  and  affords  independent  evi- 
dence of  submergence,  for  though  there  was  not  ordinarily  a  greater 
depth  than  a  foot  before  the  earthquake  this  is  now  the  deepest 
part  of  the  pool. 

About  200  yards  above  the  deepest  point,  the  stream  once 
more  resumes  its  normal  character,  and  as  the  water  shallows 
towards  the  upper  end,  the  bottom  can  be  seen  covered  with 
boulders.  At  the  head  of  the  pool  is  a  small  deltaic  deposit  of 
bouldersi  due  to  the  checking  of  the  current  as  it  entered  the  pool. 
That  there  is  not  a  larger  delta  is  due  to  the  other  pools,  to  be 
referred  to  presently,  higher  up  the  stream,  by  which  most  of  its 
burden  was  intercepted. 

From  the  gradual  increase  in  depth  at  either  end  it  is  evident 
that  this  pool  is  due  to  a  bending  of  the  river  bed  exactly  similar 
to  that  which  gave  rise  to  the  two  large  pools  on  the  east  side  of 
the  Chedrang  fault.  In  this  case  no  fault  was  seen,  and  I  do  not 
think  that,  had  there  been  one  on  large  enough  a  scale  to  account 
for  this  lake,  it  could  have  escaped  notice.  As  regards*  the 
amount  of  the  bending  that  has  taken  place,  the  depth  of  the 
pool  shows  that  the  stream  bed  has  been  depressed  at  least  12  feet 
below  the  outlet  of  the  pool ;  there  has  consequently  been  at  least 
that  amount  of  differential  movement  in  a  vertical  direction.  But 
\\^e  stream   bed  was  not  originally  level;  to  judge  from  its  nature, 
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abOTe,  below,  and  where  it  could  be  seen  under,  the  waters 
of  the  lake,  it  must  have  had  a  fall  of  about  3oo  feet  per  mile. 
Taking  only  one  half  of  this  as  the  actual  fall,  betweea  the  deepest 
part  of  the  lake  and  the  outlet,  there  must  have  been  originally  a 
difference  of  la  feet  in  level,  and  as  the  point  which  was  formerly  the 
higher  by  at  least  13  feet  is  now  the  lower  by  the  same  amount,  wc 
reach  the  conclusioa  that  the  total  change  of  levels  cannot  be  less 
than  34  feet 

About  a  mile  and  a  half  above  this  is  another  pool  of  similar 
character,  though  not  so  long  or  deep,  and  about  three-quarters  of  a 
mile  further  up  is  the  lower  end  of  another  take,  which  has  a  length 
of  about  one  and  a  half  miles  and  a  maximum  depth  of  18  feet. 

This  lake  or  pool  is  situated  in  the  lands  of  the  village  of  Lenkra, 
where  the  stream  runs  through  a  patch  of  soft  tertiary  shales  and 
sandstones,  and  the  valley  is  consequently  jnore  open  and  the 
gradient  lower  than  at  Dobukboi.  So  far  as  can  be  judged  from  the 
present  aspect  of  the  pool,  and  from  the  character  of  the  stream  bed 
above  and  below  it,  the  stream  flowed  through  an  old  alluvial  plain 
of  fine  grained  muddy  silt,  on  a  sandy  bottom  in  a  narrow,  steep 
sided  channel  of  some  15  to  18  feet  in  depth.  The  gradient  must 
have  been  small,  but  the  averse  must  have  been  increased  above 
that  of  the  sandy  stretches  by  occasional  barriers  of  rock. 

Travelling  up  this  pool  from  the  lower  end,  the  banks  remain 
high  for  the  first  quarter  of  a  mile,  nnd  the  signs  of  submergence 
are  not  very  noticeable.     About  three  furlongs  from  the  lower    end 
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more  defined  and  the  water  gradually  shallows  to  the  head  of  the 
pool,  where  there  is  an  extensive  deltaic  deposit  of  sand  brought 
down  by  the  stream  of  the  Rongtham. 

About  3  miles  above  Lenkra  the  Rongtham  divides  into  two 
branches  at  the  village  of  Dobu,  and  in  the  western  of  these,  just 
above  the  junction,  a  pool  of  about  half  a  mile  long  and  a  maximum 
depth  of  lo  feet  has  been  formed. 

From  Dobu  1  crossed  into  the  drainage  area  of  the  Ronghri  and  at 
Niphak  found  a  group  of  three  lakes,  in  a  series  of  parallel  valleys 
having  a  general  course  of-  about  north  and  south.  Of  these  the 
central  and  western  flow  north  and  unite  below  the  lakes,  the 
eastern  on  the  other  hand  drains  to  the  south  and  joins  the  central 
stream  above  the  lake  in  it. 

The  easternmost  of  the  three  lakes  is  in  the  valley  of  a  small 
tributary  which  apparently  carried  no  water  in  the  dry  weather,  at 
any  rate  the  water  was  absolutely  stagnant,  there  being  no  current 
over  the  barrier  at  the  outlet.  This  valley  had  an  alluvial  bottom 
which  has  been  flooded  for  a  maximum  width  of  about  loo  yards  and 
a  depth  of  certainly  not  more  than  I2  feet,  a  sounding  of  g^  feet 
being  obtained  at  the  only  place  where  I  could  get  well  out  into 
the  centre.  Owing  to  the  character  of  the  valley  there  is  no  clear 
channel  through  the  lake,  but  the  whole  width  of  the  water  is  occu- 
pied by  a  thicket  of  dead  saplings  and  bamboos.  At  the  outlet  the 
alluvium  of  the  valley  is  very  much  fissured. 

The  central  lake  is  larger  and  more  open,  the  latter  fact  being 
largely  due  to  its  having  been  formed  in  a.j7tum,  or  forest  clearance 
for  temporary  cultivation.  It  is  about  a  mile  long  and  about  I2  feet 
maximum  depth.  The  outlet  at  the  lower  end  is  over  crystalline 
gneiss,  and  the  water  deepens  gradually  to  the  lake. 

The  western  lake  is  rather  smaller  but  of  the  same  type. 

The  barriers  of  these  two  lakes  might  be  ascribed  to  a  single 
roll  or  fold  striking  about  N\V  and  crossing  both  the  valleys 
which  drain  to  the  northwards.  The  barriers  of  the  eastern  lake 
must,  however,  be  attributed  to  a  different  fold,  for  the    valley  drains 
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to  the  south  and  the  whole  pool  lies  to  the  south  of  the  line  jointnjr 
the  barriers  of  the  two  other  lakes. 

With  the  eiceptioa  of  the  two  small  pools  east  of  SimJo  referred 
to  above  (p.  148),  these  are  alt  the  pools,  not  directly  due  to 
visible  faulting,  wlitcb  I  saw  in  the  Garo  Hills ;  but  there  is  at 
least  one  other,  which  appears  to  be  larger  than  any  I  saw, 
at  Sidugiri,  on  the  boandary  of  the  Garo  and  Khasi  Hills  Districts. 
According  to  accounts  received  from  Captain  Howell  and  Mr.  J.  C. 
Arbuthnott,  CLE.,  it  has  a  length  of  over  a  mile,  a  width  of  150  to 
3DO  yards,  and  was  too  deep  to  be  bottomed  with  a  20-foot  pole. 

In  spite  of  careful  enquiries  made  by  myself  and  through  the 
local  authorities  I  could  obtain  no  intelligence  of  the  existence  of 
any  other  pools  either  in  the  Garo  Hills  or  in  the  north-western  por- 
tion  of  the  Khasi  Hills  Districts,  I  do  not,  however,  regard  this  as 
showing  that  there  are  no  such  pools,  beyond  those  mentioned,  for  I 
only  heard  of  two  of  the  four  pools  In  the  Rongtham  valley,  and 
of  the  many  ponds  formed  by  the  Cbedrang  and  Simin  faults.  I  only 
got  intelligence  of  the  one  large  one  at  Sfimin  and  the  two  large 
ones  in  the  Chedrang,  Of  these,  I  only  got  definite  intelligence 
when  close  by  while  the  many  smaller  pools  were  not  only  not 
reported,  but  their  existence  was  positively  denied  till  I  found  then 
myself,  and  was  then  quietly  informed  that  they  bad  not  been  men- 
tioned as  they  were  too  small  to  count. 

Taking  this  into  consideration,  I  think  that  while  the  existence  of 
any  large  lakes  or  pools  in  the  country  off  the  track  followed  by  me 
is  unlikely,  it  is  probable  that  there  are  many  smaller  ones. 
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origin.  In  reply  to  an  enquiry  of  my  gaide  I  was  informed  that  there 
was  no  pool  hers  before  the  earthquake. 

The  next  case  was  at  Sinya.  East  of  the  village  a  patch  of  allu- 
vium, at  the  bottom  of  a  small  valley,  which  had  been  taken  into 
cultivation  and  made  into  rice  fields,  was  flooded  to  a  depth  of  3  or  4 
feet,  evidently  by  an  alteration  of  the  general  slope  of  the  valley. 

The  third  was  at  the  village  of  Kanrut,  again  in  a  valley  with 
an  alluvial  bottom,  partly  converted  into  ricefields.  Here  the  plain 
had  been  submerged  for  about  half  a  mile,  and  the  old  ricefields 
could  be  seen,  covered  by  water  about  4  feet  deep. 

It  will  be  seen  that  the  changes  here  are  on  a  much  smaller  scale 
than  in  the  north-eastern  Garo  Hills,  but  they  are  of  the  same  cha« 
racter,  and  the  recurrence  of  the  same  conditions  in  this  region  lends 
great  support  to  the  supposition  that  similar  features  would  be  ob- 
served in  the  intermediate  country,  which  it  was  not  possible  to  visit. 

Besides  the  direct  and  conclusive  evidence  of   permanent   defor-       C  \^. 

mation  which  have  been  detailed,  I  was  able  to   collect  certain  evi*        --*''*  '- 
dence,  of   less  value,  pointing  to  changes  of  level,  as    inferred  from       \ 
changes  in  the  appearance  of  the  landscape. 

The  first  of  the  places  where  such  evidence  was  noted  was  at 
Mao-phlang  on  the  road  from  Shillong  to  Cherrapunji,  where 
Mr.  Evans  informed  me  that,  after  the  earthquake,  he  noticed  a 
considerable  change  in  the  appearance  of  the  hills  to  the  west.  In 
part,  the  statements  were  general  and  might  be  attributed  to  imagin- 
ation or  defective  memory,  but  two  definite  facts  can  hardly  be 
explained  in  this  manner. 

Beyond  Mao-phlang  is  another  mission  settlement  at  Mairang,and  on 
such  occasions  as  the  missionary  there  visited  Mao-phlang  a  look-out 
for  the  arrival  of  the  party  was  naturally  kept  by  Mr.  and  Mrs.  Evans. 
Before  the  earthquake,  1  was  informed  that  only  a  short  stretch  of 
the  road  was  visible,  where  it  rounded  a  spur  at  about  3  miles  off; 
the  crest  of  an  intervening  ridge  hiding  the  road  before  it  came  out 
round  the  next   spur.      Now    a  much    longer  stretch  of  the   road   is 
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visible,  and  it  can  be  seen  rounding  tbe  next  spur,  4vhere  I  vHt 
positively  informed  the  road  could  not  be  seen  before  the  earthquake* 
The  second  fact  is  that  a  few  days  after  the  great  earthqaake 
Mr.  Evans  took  a  piece  of  board  and  nailed  it  to  a  stout  peat  in  such 
a  position  that  its  upper  edge  was  sighted  on  to  the  crest  of  a  ridge 
about  one  and  a  half  mile  to  the  west.  When  I  saw  it,  at  the  end  ot 
December,  six  months  after  tbe  earthquake,  the  top  edge  of  the  board 
no  longer  pointed  to  the  crest  of  this  ridge,  but  to  some  way  down  its 
slope.  The  angle  subtended  between  the  point  where  the  edge  of 
the  board  then  pointed  to,  and  the  crest  of  the  bill  was  about  1°,  as 
determined  by  an  Abney's  level,  and  the  change  might  be  due  to  a 
displacement  of  the  post,  though  there  was  no  appearance  of  such. 
Apart  from  this,  Mr.  Evans  informed  me  that  when  the  board  was 
put  up  he  could  only  just  see  the  top  otthe  next  ridge,  beyond  that 
on  which  the  board  was  sighted  ;  now  a  considerable  stretch  of  this 
can  be  seen  and  according  to  Mr.  Evans  mach  more  than  was  visible 
soon  after  the  earthquake. 

These  facts  are  of  interest  as  suggesting  that  no  Inconsiderable 
fraction  of  the  total  movements  which  have  taken  place,  were  accom- 
paniments of  the  large  number  of  severe  aftershocks. 

The  next  place  where  similar  evidence  was  obtained  was  on  tbe 
road  through  the  Garo  Hills  to  Damra,  where  it  crosses  the  high 
ground  north  of  Cheran  and  just  before  descending  into  the  valley  of 
tbe  Bangshi.  Here  I  was  informed  by  the  mouzadar  accompanying 
me  that  before  the  earthqaake  it  was  only  just  possible  to   see  the 
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The  third  case  was  at  Tura.  This  has  already  been  referred 
to  in  Captain  HowelPs  report^,  and  I  took  the  opportunity,  when 
passing  through  Tura,  to  interrogate  some  of  the  military  police  on 
the  matter.  A  system  of  signalling  by  heliograph  is  in  use  by  the 
battalion  of  military  police  stationed  in  the  Garo  Hills,  and  one  of 
the  stations,  with  which  communication  is  made  direct  from  Tura,  is 
Rowmari,  on  the  bank  of  the  Brahmaputra.  Before  the  earthquake 
it  was  just  possible  to  do  this  from  a  certain  spot  by  a  grazing  ray 
over  an  intervening  hill.  Now  there  is  no  difficulty  at  all,  and  instead 
of  Rowmari  being  just  visible  over  the  hilltops,  a  broad  stretch  of  the 
plains  east  of  the  Brahmaputra  is  visible.  I  was  also  pointed  out 
other  hills  which  were  said  to  have  moved  up  or  down  since  the 
earthquake,  but  attach  little  importance  to  those  statements.  The 
statements  regarding  the  changes  on  the  direct  line  between  Tura 
and  Rowmari  deserve  more  attention  as  on  this  line  it  would  be  essen- 
tial for  the  signallers  to  be  thoroughly  acquainted  with  the  aspect  of 
the  country,  and  any  change  would  be  readily  noticed.  Having 
noticed  a  change  on  this  line,  and  so  become  familiarised  with  the 
idea,  it  is  easy  to  understand  how  others,  possible  purely  imaginary,  j  I 
would  be  noticed  in  directions  where  there  had  not  been  the  same  I  | 
necessity  for  an  accurate  knowledge  of  the  configuration  of  the 
hills. 

Though  I  made  careful  inquiries,  I  could  hear  of  no  case  of  the 
drainage  of  the  hills  to  the  west  of  Tura  having  been  interrupted, 
nor  did  I  see  any  on  the  road  between  Tura  and  Rowmari,  except 
in  the  alluvium  where  they  were  probably  secondary  effects  of  the 
earthquake.  It  may  well  be  that  such  changes  as  have  taken  place 
are  too  small,  and  extend  over  too  great  a  horizontal  distance,  to 
have  altered  the  gradients  of  the  streams  to  an  appreciable  extent, 
and  it  is  to  be  hoped  that  the  supposed  change  of  levels  may  be 
confirmed  or  refuted  by  a  retriangulation  of  this  country.  Meanwhile 
it  may  be  accepted  as  probable  that  there  has  been  a  change  in  the 
height  of  Tura  or  some  of  th.e  hills  to  the  west  of  it. 


I 
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Reviewing  the  facts  collected,  we  see  that  the  permaiieot  change 
accompanying  the  earthquake  are  DOt  confined  to  oat  spot  or  onft 
line,  but  extend  over  the  northern  part  of  the  Assam  hills  for  a  dis- 
(aoce  ol  100  miles  from  east  to  west.  Another  point  to  notice  is 
that,  at  the  limits  of  this  area  the  evidence  points  to  the  changes  being 
of  the  nature  of  long,  low  rolls,  the  change  of  slope  being  insufficient 
to  cause  any  appreciable  change  in  the  drainage  channels.  Then 
comes  a  zone  in  which  the  surface  changes  are  more  abrupt,  the 
slopes  of  the  stream  beds  have  been  altered  so  as  to  cause  con- 
spicuous  changes  in  the  nature  of  the  streams,  but  any  fracture  Ot 
faulting  which  may  have  taken  place  has  died  out  before  the 
surface  was  reached.  And  north  of  this,  close  to  the  edge  of  ths 
bills,  the  rocks  have  been  fractured  and  faulted  right  up  to  the 
surface. 

The  changes  which  have  taken  place  are  most  conspicuous  in 
the  Garo  Hills  Just  west  of  the  91°  meridian,  and  it  is  here  where 
the  greatest  permanent  displacement  has  taken  place.  The  passage 
of  a  zone  of  folding  unaccompanied  by  faulting  into  a  zone  oi 
faulting  and  folding  is  conspicuous,  as  also  the  fact  that  the  biggest 
of  the  faults  is  also  the  most  northern. 

On  the  eastern  line  the  folding,  and  consequent  interruptions 
of  drainage,  is  much  less,  but  here  too  we  find  the  great  Bordwar 
fracture  to  the  north  of  this  zone— a  fault,  except  in  the  absence  of 
noticeable  throw. 

Seeing  then  that  the  permanent  disturbance  becomes  more  ac- 
centuated to   the   north,  and  reaches   its  maximum  at  the  northern 
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there  are  certain  facts  which  point   to  the  conclusion  that  such  have 
taken  place. 

All  down  the  course  of  the  Brahmaputra  the  floods  of  1897  were 
more  extensive  and  rose  higher  than  they  had  been  knov^rn  to  do 
before,  but  nowhere  were  they  so  long  continued  and  so  disastrous 
as  in  the  Borpeta  subdivision.  Not  only  were  the  floods  severe 
during  the  wet  weather,  but  even  after  the  dry  weather  had  set  in,  and 
the  rivers  fallen  to  their  lowest  level,  large  tracts  of  country,  usually 
dry,  remained  under  water.  It  is  not  to  be  wondered  at  that  this 
unusual  flooding  was  attributed  to  subsidence  of  the  land,  but  though, 
as  will  be  seen,  there  seems  good  reason  to  suppose  that  subsidences 
and  elevations  of  deep  seated  origin  took  place,  the  greater  part  of  the 
unusual  flooding  roust  be  attributed  to  the  superficial  changes  de- 
scribed in  Chapter  Vll,  which  were  produced  by  the  earthquake. 

The  regions  in  which  the  floods  were  worst  are,  it  must  be  noticed, 
those  where  the  filling  up  of  river  channels,  and  the  shaking  down  of 
the  high  river  banks,  was  most  marked.  The  effect  of  these  changes 
was  threefold.  First,  the  subsidence  of  the  high  land  bordering  the 
river  channels,  caused  it  to  sink  below  flood  level  and,  apart  from 
anything  else,  these  lands,  which  are  ordinarily  left  dry,  were  sub* 
merged  in  1897.  Secondly,  the  sinking  of  this  barrier  along  the 
river  channel  allowed  its  waters  to  spread  more  freely  over  the 
low  land  away  from  the  river.  Thirdly,  and  this  was  the  most  im» 
portant,  the  raising  of  the  beds  of  the  drainage  channels  blocked  the 
usual  means  of  escape  of  the  greater  part  of  the  flood  waters,  and 
necessitated  their  spreading  over  the  land. 

To  these  three  causes  the  greater  part,  if  not  the  whole,  of  the 
unusual  floods  must  be  attributed.  To  them  is  due  the  fact  that  the 
resthouse  at  Mankarchar,  which  stands  above  ordinary  flood  level, 
was  submerged,  with  a  depth  of  3  feet  of  water  over  the  floor,  and 
that  the  floods  extended  over  vast  tracts  of  land,  which  had  not  been 
submerged  before,  in  Sylhet,  to  the  west  of  the  Garo  Hills  and  in 
Goalpara  and  Borpeta. 
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In  investigating  tbe  facts  aod  their  interpretation  it  is  almost 
impossible  to  separate  out  from  the  result  of  these  vastly  pr^ 
pondcrating  influences,  the  effects  of  audi  permanent  changes  of 
level,  as  may  have  taken  place.  One  or  two  facts,  pointing  to  such 
changes  having  taken  place  may,  however,  be  noticed. 

At  Gauhati,  a  river  gauge,  fixed  on  the  rocky  bank,  is  regularly 
read  and  a  record  kept  of  the  height  of  the  river.  The  peculiar 
sudden  rise,  and  sulwequent  slower  fall,  of  the  rivers  has  already 
been  noticed  '  and  for  some  months,  the  river  levels  appeared  to 
be  normal;  that  is  to  say,  the  daily  variations  in  level  were  too 
great  to  allow  any  small  permanent  change  to  be  noticed,  tn  the 
months  of  January  and  February,  however,  the  water  level  is 
ordinarily  very  steady  and  at  its  lowest.  The  readings  for  these 
months  in  1898,  show  that  the  water  level  was  about  a  foot 
higher  than  usual,  and  consequently  point  to  a  small  permanent 
change  in  level,  or  in  the  gradient  of  the  river  below  Gauhati.  No 
great  dependence  can,  however,  be  placed  on  this  till  the  ob- 
servations of  several  years  have  been  accumulated,  for  the  difference 
is  GO  small  that  it  might  be  due  to  a  difference  in  the  season,  or 
more  probably,  to  the  fact  that  the  bottom  of  the  river  channel, 
which  must  have  been  raised  through  a  length  of  200  miles,  has  not 
yet  been  completely  scoured  out  to  its  old  level. 

More  definite  indications  of  a  change  of  level  are  to  be  found  at 
and  below  the  hil!  of  Hathimora.  Here  the  river  banks  during  the 
dry  weather  were  10  to  15  feet  lower  than  usual,  or  in  other  words,  the 
river  bed  was  that  much  higher  than  nsual,  as  compared   with   the 
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sandi  or  to  a  barrier  being  formed  lower  down,  on  whose  upstream 
side  sand  has  accumulated. 

Lower  down  the  river  there  is  a  stretch  of  channel  which  has 
caused  much  trouble  in  the  navigation  of  the  river,  the  channels 
have  been  ill-deiined|  constantly  shifting,  and  frequently  too  shallow 
to  be  passable  by  steamers  of  even  3  feet  draft*  The  stretch  pre- 
sents  all  the  characters  of  a  region  of  deltaic  deposit^  and  immediately 
below  it  comes  the  Kholabandha  district,  where  the  floods  were 
unusually  deep  and  extensive.  There  is  here  every  appearance  of  a 
depression  having  been  formed^  which  has  not  yet  been  completely 
filled  up  by  the  river. 

From  here  down  to  Dhubri  there  has  been  no  particular  difficulty 
in  the  navigation,  but  below  Dhubri  there  is  another  stretch  of  river 
where  the  channels  are  shallow  and  shifting. 

These  facts,  for  which  I  am  indebted  to  Mr.  R«  R.  Morgan, 
Superintendent  of  Pilots,  point  to  the  conclusion  that  there  have  been 
unequal  changes  in  the  level  of  the  ground,  affecting  the  river 
gradient,  which  are  too  extensive  to  be  attributed  to  superficial 
«ifects  of  the  earthquake  on  the  alluvium.  They  catinotf  however,  be 
regarded  as  conclusive,  and  are  discounted  by  the  fact  that,  though 
the  river  below  Hathimora  is  said  to  be  worse  than  it  has  been  in 
the  recollection  of  the  oldest  commander  of  the  river  steamers, 
the  same  statement  is  made  with  regard  to  the  river  above  Disang 
Mulch  to  Dibrugarh,  especially  at  Sissi  Mukh.  Here  the  change  can- 
not  be  attributed  to  any  general  and  deep  seated  change  of  levels,  but 
to  the  ordinary  action  of  the  river,  complicated  by  the  effect  of  the 
earthquake  on  its  bed,  and  it  is  open  to  question  whether  the  cause  of 
the  difficulties  lower  down  the  river  may  not  be  the  same. 

Whether  there  has  been  any  general,  or  local,  deep  seated  change 
in  the  levels  of  the  Brahmaputra  valley,  north  of  the  Garo  and  Khesi 
Hills  must,  consequently,  remain  an  open  question  until  such  tim^ 
as  a  reobservation  of  the  stations  of  the  Great  Trigonometrical 
Survey  in  the  Brahmaputra  valley  can  be  undertaken. 
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Chapter  X.— THE  POSITION  AND  EXTENTOF  THE  SEISMIC 
FOCUS. 

Having  completed  the  description  of  the  data  necessary  lor  the 
purpose, ti-e  may  now  proceed  to  adiscnssion  ol  the  nature,  situatioa, 
and  depth  below  the  surface,  of  the  focus  from  which  the  earthquake 
started. 

All  earthquakes  are  of  the  nature  of  a  shock  or  disturbance  com- 
municated to,  and  propagated  through,  the  earth.  This  disturbance 
may  originate  in  many  ways :  some  small  earthquakes  are  believed 
to  have  their  origin  in  the  falling  in  of  underground  caverns;  others 
have  been  attributed  to  underground  explosions  of  steam ;  others 
again  to  volcanic  explosions;  but  the  commonest  cause,  and  that  to 
which  all  great  earthquakes  appear  to  be  due,  is  a  sudden  relief 
of  strain. 

According  to  the  generally  accepted  theory  of  the  constitution 
of  the  earth,  it  consists  of  a  highly  heated  central  mass,  which  is 
continually  losing  heat,  and  consequently  contracting,  covered  by 
a  comparatively  thin  surface  layer  which  has  already  cooled  as  far 
as  present  conditions  permit,  and  is  not  capable  of  further  con> 
traction  to  an  appreciable  degree.  Consequently,  as  the  central  core 
contracts,  the  outer  shell  is  left  partially  unsupported,  and  so  thrown 
into  a  state  of  strain.  The  relief  of  this  strain  maybe  gradual,  or 
sudden  ;  in  the  latter  case  it  takes  the  form  of  a  fracture,  or  a 
sudden  shift  along  a  preexisting  fracture,  and  is  accompanied  by 
an  earthquake,  whose  extent  i«ill  depend  on  the  amount  of  strain 
leldi 
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thought  of  the  theory  of  the  constitution  of  the  earth  outlined  above, 
it  IS  certain  that  the  actual  conditions  and  processes  of  nature 
are  more  complicated  than  indicated,  but  there  also  can  be  no  doufet 
of  the  fact  that  the  surface  rocks  can  be,  and  are,  thrown  into  a  state 
of  strain.  Instances  are  given  in  almost  every  text-book,  and 
it  is  easy  to  understand  that,  if  this  strain  increases  beyond  the 
power  of  the  rock  to  resist  it,  there  will  be  a  sudden  fracture, 
giving  rise  to  an  earthquake-wave ;  and  also  that  the  longer 
the  strain  accumulates,  and  the  greater  the  power  of  resistance, 
the  greater  will  be  the  ultimate  shock  when  yielding  does  take 
place. 

Turning  now  to  the  consideration  of  the  facts  which  have  been 
recorded  in  the  foregoing  chapters,  the  first  point  to  notice  is  that 
this  earthquake  was  not  the  result  of  a  mere  explosion  or  of  the 
rending  open  of  a  fissure.  The  evidences  of  permanent  displace- 
ment are  too  numerous,  and  it  may  safely  be  said  that,  whatever  the 
nature  of  the  origin  of  the  earthquake  may  have  been,  it  was  in- 
timately bound  up  with  a  very  considerable  shifting  of  one  part  of 
the  earth's  crust  relative  to  another. 

The  next  point  to  be  noticed  is  that  these  indications  of  dis. 
placement  are  not  confined  to  one  spot  or  one  line,  but  are  scattered 
over  a  large  area.  We  may  consequently  regard  the  earthquake 
either  as  a  compound  one,  having  a  number  of  separate  foci, 
that  is  to  say,  as  being  not  one  earthquake,  but  a  number  of 
earthquakes  which  happened  to  take  place  at  the  same  time.  Or, 
as  a  more  probable  alternative,  we  may  regard  what  appear  to  be  foci 
as  offshoots  from  the  true  focus,  which  was  deep  seated,  and  from 
which,  what  may  be  called,  offshoots  ran  up  to  the  surface. 

There  is  one  form  of  structural  disturbance,  consistent  with  the 
latter  hypothesis,  which  will  afford  an  explanation  of  the  facts  observed, 
and  that  is  what  is  known  as  an  overthrust.  An  overthiust  is  in 
effect   a   reversed  fault,  but  differs  in  the  fact  that  the  fissure  along 
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«klch  movenent  takei  place  is  meuiy  horixoatal  instead  of  aeuly 
vertical,  or  tteeply  indined.  Svch  thrnst-f^Bea,  ai  they  are  called^ 
have  now  been  recc^ited  as  a  common  stroctural  featarc^  and 
the;  acl<loa,  if  ever,  occur  by  themselvei,  but  are  accompanied  hf  a 
•omber  of  reversed  faalts  of  ordinary  type,  ruDDiDg  upwards,  at  deep 
Inclination,  to  the  surface. 

In  fig.  17  is  reprodoced  a  portion  of  the  sertion  east  froaa 
Qwnaig,  as  drawn  by  the  Geological  Survey  of  Scotland,*  showing 
the  thrwt-^aaes  T  T  and   the    minor  tbrests,  1 1.    If  lUa  were 


Tig  *J.  S«tiga  iiiiin  a*  bim  fi^ub  i>  tba  aorthci 


folai^edtothescaleof  the  Garo  and  Kha^  bills,  we  should  have  MOie- 
tlung  very  like  what  has  already  been  described  aa  thor  strvctvc. 

I  f  now  there  were  produced,  by  any  cause,  a  considerable  movement 
ahH^  the  great  thrust-plane  corresponding  to  T' — which  it  must  be 
recollected  is  buried  deep  below,  and  does  not  readi,  the  surface— 
Aere  would  be  smaller  morements  along  the  secondary  ttmst-planes 
TT  and  the  tertiary  ones  1 1,  which  mi^t  reach  the  sur^ce  as  actoal 
finlts,  but  woulj  Tenr  probably  die  out  and  give  rise  to  mere  cbang 
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being  scattered  cnrer  a  large  mt^L ;  it  acoountf  for  the  tm\t3f  the 
fractures  and  the  local  cbaoges  ot  leveb ;  it  accouDts^  at  the  same 
time^  for  the  horisontal  shiUings  which  have  been  observed ;  and  k 
accounts  for  the  absence  of  any  definite  centre  of  maximom  violence 
as  well  as  the  existence  of  several  local  centres  of  maximum  violence 
within  a  general  central  pleistoseismic  area* 

At  the  same  time,  it  iatroduces  no  conditioo  which  is  at  variance 
with  or  unsupported  by  observed  facts^  and  we  may  safely  accept  it 
as  the  true  theory  of  the  or^in  of  this  earthquake. 

Though  apparently  the  most  probable,  this  is  not  the  only  possibley 
hypothesis.  Ihe  surface  features  of  the  Assam  range,  described  in 
the  last  chapter,  are  compatible  with,  in  some  respects  they  suggest, 
the  idea  that  these  hilts  are  what  the  German  geologists  call 
schollengebirge,*  that  is  mountains  which  have  originated  from 
straight  up  and  down  thrusts,  instead  of  from  lateral  compression,  like 
the  Alps  and  Himalayas.  If  this  is  so,  the  faults  by  which  the  fault 
scarps  are  formed  would  be  normal  faults,  and  so  far  from  there 
having  been  any  compression,  the  elevation  of  these  hills  would  have 
been  accompanied*  by  an  extension  of  the  surface.  The  state  of 
strain  too,  which  preceded  the  earthquake  would  have  been  one  of 
tension  and  not  compression. 

The  mechanism  of  the  production  of  this  form  of  mountain  is  not 
properly  understood,  and  a  condition  of  tensile  strain  in  the  crust  of 
the  earth  would  be  still  more  difficult  to  explain,  but  the  fact  of  the 
existence  of  such  mountains  and  structure  cannot  be  gainsaid,  so  the 
possibility  of  the  state  of  tensile  strain  they  imply  must  be  allowed. 

If  such  is  the  nature  of  the  Assam  range,  and  of  the  cause  of  this 

^  There  it  no  English  equivalent  of  the  word  'scholle'  as  used  by  German  geologists.  The 
German  precedent  has  been  followed  by  some  authors  in  America  and  England^  and  the 
German  words  rendered  as  '  block  '  and  '  bkx:k  mountains.'  The  practice  seems  inconvenieat 
a%  it  might  easily  happen  that  the  same  word,  block,  was  required  in  its  ordinary  and  its  special 
sense  in  the  course  of  the  same  sentence.  This  would  lead  to  confusion,  and  I  suggest  the 
word  pUiX,  kom  the  Greek  word  for  a  block  of  stone,  as  a  satisfactory  equivalent  for  the  word. 
'  Scholle  '  or  '  block/  in  its  special  sense. 
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earthquake,  there  would  be  no  thntst-plane  underlying  it,  and  the 
focus  of  the  earthquake  would  have  to  be  regarded  as  a  complex 
oue.  That  is  to  say,  there  would  be  no  general  focus,  but  a  number 
of  independent  ones,  along  each  fault,  and  the  magnitude  of  the 
earthquake  experienced  would  be  due  to  the  simultaneous  occurrence 
of  a  number  of  earthquakes  of  various  degrees  of  severity. 

Whether  we  regard  the  focus  as  a  thrust-plane,  or  as  a  network 
of  faults,  it  practically  covered  an  extensive  area.  The  hypothesis  of 
a  thrust-plane  is  the  simplest  to  work  with,  as  also  the  most  probable, 
and  it  is  that  which  has  been  adopted  in  the  following  pages.* 

Having  established  the  nature  of  the  focus  of  this  earthquake, 
the  next  point  to  determine  is  the  approximate  horiiontal  extent 
and  boundary  of  the  thrust-plane,  or  of  that  portion  of  it  ever  which 
movement  took  place.  This  reservation  is  important,  for  it  is  quite 
conceivable  that  the  movement  may  have  taken  place  along  a  pre* 
existent  plane  of  fracture,  whose  whole  extent  is  much  larger  than 
that  portion  over  which  movement  took  place.  If  this  is  so,  it  is 
obvious  that,though  we  may  be  able  to  determine  the  limits  of  the  latter 
area  with  some  approximation  to  accuracy,  there  is  nothing  whatever 
to  guide   ut  to  a  knowledge  of  the  whole  extent  of  the  old  fracture. 

It  has  already  been  pointed  out  that  the  changes  which  accom- 
panied the  earthquake  can  be  traced  right  up  to  the  northern  edge  of 
the  Garo  hilts,  and  that  this  alone  might  lead  to  belief  that  similar 
changes  took  place  under  the  alluvium  of  the  Brahmapntra  valley.  It 
has  also  been  shown  that  there  are  independent  suggestions,  if  nothing 
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Thfese  indications  of  a  northern  extension  of  the  thrust-plane  are 
further  supported  by  the  very  large  number  of  secondary  earthquakes 
recorded  at  Borpeta  and  Bijni,  which  point  to  an  extension  of  the 
focus  in  that  direction.  We  may,  accordingly  place  the  northern 
limit  to  the  north  of  Borpeta  with  some  degree  of  certainty.  Further 
east  the  observations  of  the  Great  Trigonometrical  Survey  show  that 
Shillong  lay  within  the  limit  of  the  area  over  which  permanent 
displacement  has  been  observed,  which  may  be  taken  to  practically 
coincide  with  the  epicentre.  It  is  not  impossible  that  this  may  have 
extended  as  far  north  as  Gauhati,  which  was  certainly  not  far  beyond 
the  limits ;  but  however  this  may  be,  the  area  over  which  displacement 
has  taken  place  broadens  rapidly  a  short  way  to  the  west  of  Shillong 
and,  as  shown  in  Chapter  IX,  Bordwar,  at  the  northern  foot  of  the 
hills,  is  within  the  epicentral  area.  Between  here  and  Borpeta  we 
have  no  certain  indications  of  its  boundary,  and  to  the  west  of 
Borpeta  the  indications  are  even  more  imperfect. 

It  is  evident,  however,  from  the  observations  in  the  Garo  Hills, 
that  the  zone  of  maximum  permanent  change  lies  just  west  of  the 
91°  meridian,  and  it  is  reasonable  to  suppose  that  the  zone  of 
maximum  displacement  would  correspond  to  the  greatest  width  of 
the  area  of  displacement,  that  is  of  the  epicentre.  Assuming,  for  the 
moment,  that  the  displacement  was  mainly  in  a  north  and  south 
direction,  we  should  expect  the  northern  boundary  to  trend  south 
and  west  from  about  91°  E.  longitude,  in  a  manner  correspondmg 
to  its  southerly  and  easterly  trend  to  the  east  of  that  line,  while  to 
judge  from  the  accounts  of  the  effects  of  the  shocks  in  the  Borpeta 
subdivision  and  in  the  Bhutan  hills,  it  would  seem  that  the  northern 
limit  of  the  epicentre  must  have  reached  nearly  to  the  foot  of  the 
Himlayas,  even  if  it  did  not  run  still  further  north,  on  this   meridian. 

Turning  now  to  the  southern  boundary.  This  may  be  approximate- 
ly fixed  with  some  approach  to  accuracy,  though  we  have  no  direct 
evidence. 

In  the  first  place,  it  is  reasonable  to  suppose  that  this  earthquake 
was  directly  connected  with  the   tectonic  processes  to  which  the 
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or^B  of  Ac  AsMifl  nage  h  die.  The  elevation  (rf  Ikii  ringe  hu 
been  shown  to  be  of  recent  date,'  and  its  leading  features  are  lO 
largely  dependent  on  its  structure  that  the  deration  may  weO  be 
stitl  in  progress.  Bat  the  sharply  marked  southern  boundary  shows 
thatf  whatever  the  process  to  which  their  elevation  is  due,  its 
geographical  limit  coincides  with  the  sonthem  edge  of  the  hills,  the 
northern  Kmit  of  the  allavial  plains  of  Sylhet.  It  may  be  expected, 
then,  that  the  thmst-plane  has  approximately  the  same  Iimi^  and 
as  pronounced  displacement  has  been  detected  nKM^  than  half  way 
across  the  hills  from  north  to  south,  we  might,  on  this  gronnd  alone, 
draw  the  southern  boundary  of  the  epicentre  along  the  edge  of 
the  hills  as  far  as  the  Sameswari  river  and  thence  westwards  along 
the  southern  edge  of  the  high  hills. 

There  is  some  evidence  that  this  conrse  is  the  cwrect  one, 
for  in  the  Sylhet  valley  there  is  no  indication  of  an  e^ension  of 
the  epicentre  aoder  the  plain.  The  destntctiveness  of  the  earth- 
quake was  about  the  same  from  east  to  west,  as  far  east  as  Sylhet, 
and  there  is  no  place  in  the  southern  alluvium  at  which  the  aftei^ 
shocks  were  more  abnndant  than  at  other  places  east  and  west. 

The  marked  contrast  in  these  two  respects  between  th^  norther^ 
and  southern  valley  points  to  the  conclusion  that  the  southern 
boundary  of  the  epicentre  did  not  make  a  sweep  to  the  aonth)^ 
corresponding  to  that  on  the  north,  bat  w«s  a  nearly  sbaight  lifie^ 
coinciding  or  parallel  with  the  southern  edge  of  the  hitls. 

Tho  eastern  limit  has  already  been  referred  to   in  paft,   whea 
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less  8!Qpe ;  and  the  low  lying  portions  of  a  tea  garden,  about  four  or 
five  miles  to  the  south,  which  in  ordinary  years  were  regularly  flooded, 
remained  dry  during  1897.  More  important  is  the  testimony  of 
Mr.  H.  H.  Brownlow  of  Sandai  (Sundye)  to  the  north  of  Jaintiapor ; 
writing  on  the  3rd  August  he  says :  '^  A  very  strange  thing  on  the 
1 2th  June  was  the  suddenness  with  which  the  water  lying  on 
the  plain  disappeared.  Just  before  the  earthquake  about  one  third  of 
the  area  within  easy  vision  of  the  hills  was  covered  with  water; 
90  minutes  afterwards^  when  I  looked,  a  single  small  pool  was  alt  I 
could  see." 

The  apparent  change  near  Dauki,  and  the  change  in  the  tea 
garden  south  of  it,  might  be,  the  first  imaginary,  the  second  superficial, 
and  due  to  displacement  of  the  alluvium  by  the  earthquake.  The 
drying  up  of  the  waters  south  of  Jaintiapur  cannot  be  so  ezpTalned : 
it  is  the  reverse  of  what  happened  elsewhere,  where  the  raising  of  the 
beds  of  river  channels  and  ponds  and  the  formation  of  vents,  caused 
water  to  increase  on  the  surface  of  the  ground,  and  I  have  satisfied 
myself  by  enquiries  that  the  drying  up  observed  by  Mr.  Brownlow 
was  not  a  general  phenomenon.  There  is  no  reason,  however,  to 
doubt  the  specific  statement  made,  and  it  is  obvious  that,  if  it. was 
due,  as  is  probable,  to  a  change  of  level,  it  must  have  been  local, 
for  any  general  change  of  level  would  not  have  led  to  the  water 
flowing  away  from  one  part  towards  another. 

There  is  support  for  the  supposition  that  the  epicentre  tailed  off 
in  the  direction  of  Jaintiapur  in  the  great  violence  of  the  shock  at 
that  place,  where  it  seems  from  the  accounts  to  have  been  quite  as 
bad  as  at  Shillong.  At  Sylhet,  too,  the  severity  of  the  shock  was 
very  great,  but  to  the  eastwards  it  died  off  rapidly. 

Taking  all  things  into  consideration,  I  consider  that  the  eastern 
termination  of  the  epicentre  took  much  the  form  shown  on  Map 
No.l. 

Turning  now  to  the  western  termination,  it  seems  certain  that 
the  epicentre  extended  into  the  alluvial  plain  west  of  the  Oaro  hills, 
but  how  far  it  is  difficult  to  say.     Considerations  of  symmetry  would 
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snggest  that  the  western  end  had  much  the  same  form  as  tbe  eastern, 
and  there  is  a  certain  support  for  this  in  the  great  destructiveness  of 
the  shock  at  Rangpur,  and  along  the  Kaunia  branch  of  the  Eastern 
Bengal  State  Railway.  The  breaking  of  the  stone  tence-poste 
described  by  Mr.  Hayden'  is  a  phenomenon  which  can  only  be  paral- 
lelled in,  or  close  to,  the  epicentre  of  this  earthquake,  and  the  fact 
that  the  greatest  destruction  on  the  main  line  of  the  railway  was  at 
and  between  Nilphamari  and  Haldibari,  all  point  to  there  being  a 
narrow  tongue  of  epicentre  running  out  westwards,  to  correspond 
with  that  on  the  east.  This  supposition  is,  besides,  supported  by 
tbe  great  number  of  after  shocks  felt  at  Rangpur  and  Kaunia,  and  by 
the  fact  that  some  months  after  the  great  shocks  small  after-shocks 
were  being  felt  at  these  places,  which  seem  to  have  been  of  local 
origin  and  not  to  have  been  felt  elsewhere. 

I  have  now  discussed  the  evidence  which  can  be  made  use  of  in 
determining  the  limits  of  the  epicentre,  and  on  map  No.  I  will  be  seen 
depicted  what  I  believe  to  have  been  its  probable  approximate  form 
and  extent.  It  must  be  understood  that  this  is  only  approximate,  and 
that  the  boundary  could  not  have  been  so  simple  and  symmetrical  in 
reality.  There  are,  however,  no  means  for  an  accurate  delimitation 
of  the  boundary  in  detail,  nor  would  this,  if  possible,  be  likely  to 
lead  to  a  serious  change  in  the  general  shape  and  size. 

Taking  the  dimensions  drawn  as  about  the  real  ones,  we  find  that 
the  thrust-plane  must  have  had  a  length  of  about  200  miles,  a  maxi- 
t  less  than  so  miles,  and  an  area  of  betw 


THE  SEISMIC  FOCUS.  IfJ 

the  earth  and  a  few  miles  of  what  has  been  remcved  we  may  be  able 
to  infer,  with  a  greater  or  less  degree  of  certainty,  but  apart  from 
(his  all  we  can  know  is  the  extent  in  one  direction.  Even  here  the 
information  may  b:  incomplete,  for  denudation  may  have  removed, 
or  not  yet  exposed,  that  part  of  the  thrust-plane  where  its  dimensions 
were  greatest ;  or  the  continuation  may  be  covered  up  and  hidden  by 
newer  deposits. 

From  this  it  will  be  seen  that  in  attempting  a  comparison  we  can 
only  take  one  dimension,  and  must  leave  area  out  of  consideration. 
If  we  do  this,  it  is  not  necessary  to  go  beyond  the  great  '  Faille  du 
Midi '  in  Belgium,  a  thrust-plane  which  has  been  traced  for  120  miles, 
for  an  instance  comparable  in  size  with  the  thrust-plane  inferred  as 
the  cause  of  this  earthquake. 

There  remains  now  only  the  determination,  so  far  as  is  possible, 
of  the  depth  below  the  surface  at  which  this  thrust-plane  lay?  In 
attempting  this  there  is  only  one  method,  of  the  many  proposed  by 
different  authors,  which  can  be  applied  in  the  present  case,  and  that 
is  the  method  proposed  by  Dr.  Aug,  Schmidt^  based  on  the  observed 
rates  of  travel. 


Fig.  18.  Schmidt'i  modificalion  o(  Secbach's  hyperbola. 

The  principle  on   which   this   is  based   is  illustrated    by  fig.  18, 

copied  from  Dr.  Schmidt's  paper.     In  this  the  outer  circle  represents 

a    section  of  the  earth,  and  C  the  focus  of  an  earthquake,  the  depth 

from  the  surface  being  much  exaggerated  to  bring  out    the  principle 

1  JahiuheU.  Vcr.  I,  vateil.  Natuih.  in  WurttcmWie.  XLVI,  il;  (1E90). 
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o(  the  method  more  clearly.  The  small  circle  repreMota  a  coaeismlc 
line  correspondiDg  to  the  moneat  when  the  earthquake  first  reacha 
the  snrfoce  at  the  epicentre.  On  the  aasumptiDa  that  the  earth  wave 
travclt  with  equal  speed  in  every  direction,  the  earthquake  will 
have  reached  every  point  of  thii  line  at  the  same  momeDt,  and  tiie 
portions  of  tbe.radii  BA,  B'A'  which  lie  outside  the  circle  represent 
the  intervals  of  time  which  elapse  between  the  time  when  the  eartb> 
quake  first  readiing  the  surface  at  the  epicentre,  and  when  it  reaches 
the  pwats  A  A'.  If  now  we  draw  a  straight  line  through  the  epi« 
centre  at  a  tangent  to  the  outer  circle,  and  lay  oS  along  it  distances 
equal  to  the  arcs  of  the  outer  circle  contained  between  the  epicentre; 
and  the  points  where  the  radii  from  C  cut  it,  and  from  each  of  then 
draw  a  perpendicular  line  equal  to  that  portion  of  the  corresponding 
radius  which  lies  between  the  two  circles,  then  by  joining  the  ends 
of  these  perpendiculars  we  get  a  hodograph,  or  time  conre,  of  the 
earthquake. 

Now,  it  is  to  be  noticed  that  for  each  equal  interval  along  tbt 
surface  of  the  earth  from  the  e^centre  outwards  the  time  interval 
increases,  that  is  to  say,  the  apparent  rate  of  travel  decreases  until 
we  reach  the  point  where  the  radius  which  runs  at  right  angles  to  the 
seismic  vertical  cuts  the  surface.  Beyond  that,  the  time  intervals 
begin  to  decrease  once  more,  or  in  other  words  the  apparent  rate  of 
travel  increases.  As,  from  the  method  of  construction  of  the  hodo- 
graph,  the  line  is  more  steeply  inclined  in  those  parts  where  the  ap- 
parent  velocity  is  less,  and  less  steeply  where  tt  is  greater,  the  hodo- 
graph  will  be  divided  into  two  parts,  one  concave  upwards,  the  other 
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angle  wbos^  arc  is  the  distance  of  the  point  of  flexure  of  the  hodo- 
graph  from  its  centre. 

As  we  have  seen  in  chapter  IV,  the  hodog^raph  of  this  earthquake 
shows  jest  those  features  which  it  should  according  to  hypothesis^ 
and  the  point  of  change  from  one  curve  to  the  other  is  situated  at 
about  280  miles  from  the  centre^  A  distance  of  280  miles  on  the 
surface  of  the  earth  corresponds  to  the  arc  of  an  angle  of  a  little  over 
4®,  and  the  versed  sine  of  4®  amounts  to  9-3  miles. 

It  mast,  however,  be  remembered  that  this  result  is  to  be  taken 
merely  for  what  it  is  worth.  The  method,  however  accurate  in 
theory,  is  subject  to  too  many  sources  of  error  in  practice  to  be  thor* 
oughly  depended  on  in  the  present  case,  as  the  time  observatk>ns  are 
too  few  and  too  imperfect  to  allow  the  hodograph  to  be  drawn  with 
perfect  certainty. 

A  more  important  source  of  error  may  be  consequent  on  the  form 
of  the  focus.  If  we  suppose  that  yielding  first  took  place  in  the  cen- 
tre of  the  thnist»plane  and  spread  outwards  from  thence,  no  great 
change  would  result  in  the  hodograph,  as  the  rate  of  spread  of  the 
fissure  would  probably  be  much  the  same  as  that  of  the  propagation 
of  the  earthquake  disturbance.  But  if,  as  is  conceivably  possible, 
there  was  a  preexistant  fissure,  yielding  might  have  taken  place 
practically  simultaneously  at  more  than  one  point  and  spread  from 
more  than  one  centre  over  the  focal  area.  In  this  case  the  hodo« 
graph,  as  drawn,  would  no  longer  give  the  true  distance  of  the  point 
of  flexure  from  its  centre ;  an  unknown  amount  would  have  to  be  cut 
off  from  the  right  hand  side  of  the  curve  and  the  resulting  depth 
focus  correspondingly  diminished. 

There  is,  however,  one  consideration,  not  yet  referred  to,  which 
would  have  an  opposite  effect  and  would  more  than  counteract  any 
diminution  in  the  deduced  depth  of  focus  resulting  from  the  supposr* 
tion  referred  to  in  the  last  paragraph.  In  fig,  18  and  its  explanation  it 
is  assumed  that  the  earthquake  travels  at  the  same  rate  in  every  di- 
rection and  at  all  depths.     It  is  certain,   however,   that   the  waves 
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travel  faster  at  greater  than  at  less  depths  and,  as  pointed  out  by 
Dr.  A.  Schmidt,!  of  Stnttgart,  one  consequence  of  this  would  be  that 
the  wave  paths,  instead  of  being  straight  lines,  would  be  concave  up< 
wards.  Another  consequence  would  be  to  throw  the  point  of  June* 
tion  of  the  two  contrary  curves  closer  to  the  centre  of  the  hodograph, 
that  is  to  say,  the  focus  would  be  at  a  greater  depth  than  the 
versed  sine  of  the  angle  contained  between  the  point  of  reversal  of 
the  curve  and  the  centre. 

If  then  the  curved  line  on  plate  XXXIX  represents  the  true 
hodograph  or  time  curve,  the  depth  of  the  focus  must  be  more  than 
10  miles.  But  it  has  already  been  shown*  that  the  records  admit  of 
another  and  totally  diiferent  interpretation,  and  we  have  seen  that  the 
dotted  line  is  that  which  more  probably  represents  the  true  hodo- 
graph, or  speed  curve,  of  the  earthquake,  and  is  in  accordance  with 
what  is  probably  the  true  theory  of  the  propagation  of  the  earthquake. 

Accepting  this  theory  and  the  corresponding  speed  curve  as  the 
true  ones,  it  is  evident  that  the  time  observations  can  give  no  clue  to 
the  depth  of  the  focus,  and  we  must  reject  the  estimate,  improbable  in 
itself,  of  lo  miles.  This,  however,  leaves  us  without  any  definite 
indication  of  the  depth,  and  we  have  to  attack  the  problem  by  the 
aid  of  general  principles. 

Assuming  the  earth  to  consist  of  highly  heated  matter,  and  to  be 
cooling  down  by  a  slow  conduction  of  heat  outwards,  we  have  it 
divided  into  three  portions.  First,  an  outermost  skin  of  rock  which 
has  attained  a  constant  temperature  and  no  longer  cools  or  contracts 
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circumference  of  each  circle,  and  where  this  zone  passes  into  the 
central  mass,  which  will  not  yield  to  its  contraction,  it  must  obviously 
be  thrown  into  a  state  of  tension,  as  the  tyre  of  a  wheel,  which  is 
put  on  hot,  is  thrown  into  a  state  of  tension,  while  it  compresses  the 
framework  of  the  wheel. 

From  this  it  appears  that  while  the  outermost  layers  of  the  earth 
must  be  in  a  state  of  compression;  there  is  a  certain  depth  at  which 
this  state  of  compression  is  replaced  by  one  of  tension,  and  somewhere 
at  the  passage  of  the  one  to  the  other,  there  must  be  a  "  level  of  no 
strain."  Now  it  is  evident  that  an  earthquake,  being  the  consequence 
of  a  sudden  relief  of  strain,  can  originate  either  above  or  below, 
but  not  at,  this  level  of  no  strain,  and,  practically,  we  may  say  above 
only.  At  great  depths  both  pressure  and  temperature  increase,  and 
the  effect  of  either  is  such  as  to  introduce  conditions  unfavourable 
to  a  sudden  relief  of  strain.  Under  great  pressure  it  has  been  proved 
experimentally  that  solids  flow  like  fluids  in  the  direction  of 
least  pressure,  and  high  temperature  introduces  a  condition  of  plas- 
ticity, even  at  the  surface,  which  is  not  conducive  to  a  gradual  accu- 
mulation of  strain  and  a  sudden  giving  way. 

For  this  reason  we  may  take  it  that  all  earthquakes  originate 
above  the  level  of  no  strain  and,  what  is  more,"  at  some  considerable 
distance  above  that  level,  as  compared  with  its  depth  below  the 
surface.  It  should,  therefore,  if  we  had  any  thoroughly  trustworthy 
method  of  determining  the  depth  of  the  focus,  be  possible  to  determine 
a  minimum  value  for  the  depth  of  the  level  of  no  strain. 

No  method  has,  however,  been  proposed  which  is  thoroughly  trust- 
worthy, and  instead  of  using  earthquakes  to  determine  the  depth  of 
this  level  of  no  strain,  we  must  use  its  depth,  as  independently  cal- 
culated, to  fix  a  maximum  depth  for  the  focus  of  an  earthquake. 
According  to  the  calculation  of  Rev.  O.  Fisher,  the  depth  of  the  level 
of  no  strain  is  not  more  than  about  2  miles  from  the  surface.*  Mr. 
C.  Davison,  however,  has  pointed  out  that  this  estimate  is  based  on 

1  Physics  of  the  Earth's  crust,  2nd  edition,  1889,  p.  98  :  Phil.,  Mag  5th,  series,  XXXVIII, 
135  (1894). 
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the  assumption  tliat  rock  expands  to  an  equal  degree  for  an  eqtiaf 
increase  of  temperature  at  all  temperatures,  and  that,  if  allowance  is 
made  for  the  increase  of  the  coefBcient  of  expansion  with  an  increase 
of  temperature,  this  estimate  mnst  be  raised  to  nearly  8  miles.* 

Iq  both  these  mathematical  investigations  a  number  of  assump* 
tions  have  necessarily  to  be  made  which  either  do  not,  or  are  not 
known  to,  accurately  represent  the  facts  of  nature,  so  that  neither  can 
be  accepted  as  a  rigidly  accurate  estimate.  But,  after  making 
allowance  for  all  these  sources  of  error,  it  is  evident  that  the  level  of 
no  strain  lies  at  a  depth  of  only  a  few  miles  from  the  surface ;  and  as 
it  is  highly  improbable  that  in  the  depths  below  it  the  conditions  are 
such  as  will  allow  of  the  production  of  an  earthquake,  we  may  take  it 
that  all  estimates  of  the  depth  of  focus,  which  exceed  some  five  or  sis 
miles  must,  ipsafacto^  be  regarded  with  suspicion. 

In  the  case  of  the  earthquake  at  present  under  consideration  the 
faults  described  in  Chapter  IX  show  that,  in  part  at  least,  the  focu* 
extended  right  up  to  the  surface,  and  the  presumption  is  that  the 
great  thrust-plane,  which  may  be  looked  opon  as  the  principal 
focus,  does  not  lie  at  a  very  great  depth.  A  »milar  conclu- 
sion might  be  drawn  from  the  local  irregularities  of  the  permanent 
displacements  of  level  and  position  which  have  been  detected  over  so 
large  an  area,  and  it  is  probably  an  outside  estimate  if  we  suppose 
the  principal  focus  to  have  been  as  much  as  S  miles  below  the 
surface. 

There  is  one  indication  which  points  to  a  great  depth  of  origin, 
and  that  is  the  alleged   simultaneous   arrival   of  the   aftershocks   at 
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been  of  value  in  the  case  of  Shillong  and  Gauhati,  Details  of  these 
are  given  in  Appendix  F,  from  which  it  will  be  seen  that  the  alleged 
simnltaneityi  when  critically  investigated^  means  intervals  of  from 
4s.  to  im.  of  time.  It  must  be  noticed,  moreover,  that  the  records  are 
not  concordant ;  for  instance,  the  shock  of  5-48  A.M.  (Madras  time) 
on  25th  October  is  reported  by  the  Shillong  office  to  have  been  felt 
at  the  same  time  at  Gauhati,  while  the  Gauhati  office  reports  that 
it  received  the  signal  from  Shillong  one  minute  before  the  shock 
reached  Gauhati. 

From  this  it  is  evident  that  the  time  intervals  were  not  always  so 
short  as  to  necessitate  a  great  depth  of  focus.  They  might  be  ac« 
counted  for  by  the  focus  lying  between  the  two  stations  or  to  one  side 
of  the  line  joining  them,  in  such  a  way  that  the  distance  to  be  tra- 
velled was  nearly  the  same  in  either  case.  In  those  cases  where  the 
shock  is  reported  to  have  been  felt  simultaneously  at  three  stations, 
it  is  possible  that  a  large  area  was  set  in  motion,  practically  simul« 
taneously,  along  a  horizontal  thrust-plane. 

Taking  everything  into  consideration,  there  is  nothing  to  neces« 
sitate  the  assumption  of  a  great  focal  depth,  if  this  is  inconsistent 
with  the  conclusion  arrived  at  by  other  lines  of  reasoning. 

Summing  up,  then,  we  may  say  that  the  earthquake  of  12th  June 
1897  was  caused  by  a  movement  along  a  thrust-plane  or  thrust-planes 
and  along  secondary  thrust-  and  fault-planes,  which  had  a  maximum 
length  of  about  200  miles  and  a  maximum  width  of  about  50 
miles.  The  depth  of  the  principal  fissure  cannot  be  determined,  but 
,  was  probably  not  so  much  as  5  miles  below  the  surface,  and  numerous 
secondary  faults  and  fractures  rose  from  it  towards,  and  in  some 
cases  as  far  as,  the  surface  of  the  ground.* 

1  This  chapter,  was  written  before  the  results  of  the  reobservation  of  the  triangulation  of 
the  Khasi  hills  was  received.  1  still  consider  it  represents  the  most  probaolo  explanation  of 
the  earthquake,  but  the  revision  of  the  triangulation  has  shown  that  it  may  possibly  be 
incorrect.  These  results  were  received  too  late  to  be  incorporated  in  this  chapter,  they  are 
discussed  in  Appendix  G,  at  the  end  of  which  will  be  found  a  statement  of  the  extent  to  which 
the  conclusions  drawn  in  thii  chapter  are  rendered  uncertain,  though  not  disproved. 
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Chaptbr  XI.— the  records  of  the  BOMBAY 
MAGNETIC  OBSEIIVATORY. 

At  Bombay,  thongh  the  earthquake  nas  not  felt,  it  left  it» 
impress,  as  has  already  been  mentioned  (Chapter  IV),  on  the  records 
of  the  magnetic  instrnments  in  the  Observatory  at  Colaba. 

The  instruments  affected  were  the  declination,  horizontal  (orccr 
and  vertical  force  magnetographs,  and  the  barograph.  Reproductions 
of  the  traces  of  the  6rst  three  will  be  found  on  plate  XL,  and  the 
following  description,  extracted  from  the  account  published  by 
Mr.  N.  A.  F.  Moos,'  Director  of  the  Observatory,  in  tris  report  for 
the  year  18^  may  with  advantage  be  repeated  here : — 

3.  It  must  be  noted  here,  that  the  disturbance  fortunately  occurred  just  after 
16  hours— the  time  of  hourly  cy*  observationi;  a  valuable  opportunity,  therefore, 
was  secured,  and  it  became  possible  to  note  and  study  the  peculiar  behaviour  of 
the  instruments  during  their  disturbances,  same  of  which  by  the  rapidity  of  their 
movements  could  not  have  been  photographed.  There  may  be  some  doubt  as  to 
whether  the  disturbance  in  the  Magnetographs  was  due  to  mechanical  or  magnetic 
action,  but  no  such  doubt  can  exist  Cor  the  Barograph.  The  disturbance  of  this 
instrument  must  hare  been  caused  by  distortional  waves,  or  due  to  tilting  of  the 
instrumenb  It  will  be  noticed  that  the  maximum  eSect  of  the  disturbance,  as 
photographed  in  the  Baiograph  trace,  followed  the  largest  wave  shown  by  Declina* 
lion  and  Vertical  Force  Magnetographs  by  about  one  minute, 

4.  With  regvd  to  the  disturbed  trace  of  the  Declination  Magnetograph  on  the 
other  hand,  it  is  difficult  to  conceive  how  condensational  or  distortional  waves  coukl 
affect  thelsuspended  magnet  under  an  exhausted  receiver  so  as  to  set  up  largo 
vibrations  in  it,  simulating  magnetic  action.  The  magnet  was  disturbed  mechani- 
cally, no  doubt,  by  the  seismic  waves,  and  these  disturbances  were  typical  of 
mtehanieal  action.    The  three  motions  (besides  the  vibratory  motion)  observed  in 
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increase  or  decrease  of  declination.  It  may  be  noted  that  the  intensity  of  the 
mechanical  disturbance  was  feeble,  and  the  motion  observed  at  the  time  of  the  dis- 
turbance showed  no  evidence  of  any  great,  much  less  violent,  movements.  Finally 
the  peculiar  character  of  the  trace  of  this  instrument,  as  will  be  seen  later  on,  leaves 
no  reasonable  doubt  that  the  disturbance  was  due  to  magnetic  action,  which  must 
have  accompanied  the  seismic  disturbance,  possibly  as  e£fect  of  a  cause. 

5.  The  case  of  the  Horizontal   Force   Magnetograph  is,   however,  different. 
From  the  peculiar    nature  of  the  bifilar  suspension,  it  becomes  obvious  that  the 
tension  of  the  wires  being  a  principal  factor  in  the  general  formula  for  the  con- 
dition of  equilibrium,  it  must  be  affected  by  any  sudden  displacement  of  the  points 
of  suspension.     A  distortional  wave,  for  instance,  suddenly  lifting  the  points  of 
suspension  would  result  in  increasing  the  tension,  and   any  sudden  depression 
would  for  a  moment  reduce  the  tension.    A  lateral   movement,  also,  is  likely  to 
temporal ily  alter  the  conditions  of  equilibrium,  and  this  Magnetograph,  therefore, 
appears  to  have  been  disturbed  by  the  combined  action  of  both  mechanical  and 
magnetical  disturbances ;  in  this  instance  more  perhaps  by  the   latter  than  by  the 
former,   which   was  feeble  as  stated  above.    The  trace  shows  some  evidence  of 
being  afiFected  by  two  causes  superimposed  upon  each  other,  specialfy  at  the  end 
of  the  disturbance,  where  the  blurred  trace,  probably  due  to  change  In  the  focal 
distance  caused  by  a  slight  displacement  of  the  mirror,  appears  suddenly  to  pass 
from  a  faint  to  a  somewhat  deep  impression,  bounded  by  convex  curves. 

6.  Movement  in  the  Vertical  Force  Magnetograph  now  remains  to  be  inquired 
into.  That  the  centre  of  gravity  and  point  of  support  of  the  magnet  in  this!  instru- 
ment, do  not  coincide,  and  may  cause  rotation,  and,  therefore,  movement 
of  the  magnet,  is  self-evident ;  but  from  the  conditions  of  the  magnet  and  the 
quantity  of  motion  observed,  it  does  not  seem  probable  that  the  motion  was 
due  to  mechanical  causes.  This  instrument  is  under  an  exhausted  leceiver 
but  its  knife  edge  is  somewhat  faulty,  and  this  Magnetograph,  therefore, 
is  peculiarly  sensitive  to  shocks,— an  accidental  fall  of  a  lamp-chimney,  heavy 
tread  of  visitors,  and  even  a  slight  knock  of  the  hand  results  in  dislocation  of 
the  curve.  And  such  dislocations  being  frequent,  special  care  is  always  taken  to 
guard  the  instruments  from  such  accidents.  And  yet  no  dislocation  of  the  curve 
is  noticed  during  the  earthquake,  which  more  or  less  establishes  the  fact  that  move- 
ments of  the  earth  must  have  been  very  feeble.  But  the  instrument  does  show 
vibrations,  which  naturally  leads  to  the  inference  that  they  must  have  been  caused 
by  some  magnetic  action,  the  first  vibration  of  which  is  timed  to  have  taken  place 
exactly  when  the  Declination  trace  is  just  lost  by  the  second  wave. 

7.  And  it  would  thus  appear  as  if  the  seismic  convulsion  was  in  some  way  the 
cause  of  the  magnetic  action,  the  latter  phenomenon  running  parallel  to  the 
former,  increasing  as  it  increased  and  subsiding  as  it  subsided,  every  seismic  wave 
having  its  companion  effect  in  a  magnetic  wave. 

8.  With  regard  to  the  direction.  Since  the  Barograph  would  not  show  any 
indication  of  direction,  nor  the  Magnetographs,  all  of  which  appear  to  have  been 
disturbed  by  magnetic  action,  it  is  difficult  to  come  to  any  definite  conclusions. 
Except,  perhaps,  in  the  case  of  Declination,  the  suggestive  explanations  given 
later    on,    if  true,   would   point  at    least    that    the  direction    of  the  magnetic 
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waves,  and.  therefore,  of  the  «eUinicw«veiwMiBdine«Jnioro  to  "  E«rt  to  Wast  " 
than  WNorthto  Sooth."  Prom  the  mechanical  disturbance  of  the  maBoeto  of 
the  two  instnimenti  Declination  and  Horirortal  Force,  which  aie  suapendad  at 
right  angles  to  each  otha",  the  more  pronounced  motion  obstr^td  Jurimg  ib»  dtt- 
imriaKte  in  both,  »as  from  East  to  West.  The  focal  distance  of  the  latter  inttru- 
menl  also  appears  to  be  slightly  aHeaed,  due  to  mc*ion  of  the  mirror  East  to  Weat. 
It,  therefore,  slrenitthens  the  preaumplion  that  the  Direction  of  the  waves  must 
havehad  a  strong  Easieriy  component,  and  the  comparative  feeble  rootioa  tX 
both  the  magneto  parallel  to  North  and  South  dnciion,  showa  that  the  Northeriy 
component   was   present,   bnt  was  fed>le.    We  (hall  Mw  eaamine  each  trace 

9.  DtelimatioM  Jfj^pnrt.^ro^ft.— The  photograph  shown  here  ts  a  eopy  (en. 
larged  about  sj  times)  of  the  trace  obtaioed  horn  the  Declination  Magnetc^raph 
at  the  Colaba  Observatory.  The  time  of  vibration  ol  the  magnet  is  5-33  seconds, 
and  theoriginal  trace  allows  of  an  accuracy  up  to  one  minnte  in  the  determination 
of  lime.  The  scale  value  of  the  instrument  is  38*73  for  an  inch  of  tabulation  inth« 
original  curve.  T  he  carve  shows  a  part  of  the  trace  of  the  lathjune.  The  regular 
break  seen  on  the  trace  is  dne  to  a  metallic  fan,  which  aotomatically  cuts  off  light 
every  two  hours  for  four  minutas  and  a  quarter.  The  middle  of  this  break,  there* 
fore,  reprcMMs  16*  On  the  lath  June.  The  uaual  8ensti\'Cr>esB  of  the  photographic 
pjper  used  at  this  Observatory  has  been  ascertained  by  eaperiments  with  a  steady 
light,  and  found  that  an  expssure  of  about  4'  to  the  usual  kcrosine  burners  (of  about 
4  candle  power  intensity)  used,  is  enough  for  action ;  and  with  i^aitl  to  impression 
of  light  durit^  the  vibration  of  the  magnet,  it  is  found  that  oacillations  of  amplitnde 
of  3}  divisions  of  the  scale,  equal  to  a  displacement  of  about  i8|minutes  of  declina> 
tion  and  upwards,  are  not  recorded  t  the  vriocity  of  the  apeck  of  l^ht,  together 
with  lite  motion  of  the  paper,  a  little  over  half  an  inch  in  one  huur,  precludea 
photographic  action  unless  the  amplitudes  are  brought  within  the  above  limit,  and 
naturally  the  first  impressions  produced  are  at  the  extreme  ends  of  the  amplitude, 
when  the  wktcity  is  a  minimum.  It  is  only  when  the  vibrations  fall  to  within 
Kboat  ■!  divisions  of  Kale,  that  the  paper  dtows  the  impression  of  light  in  the 
middle  of  the  curw,  that  is,  where  the  velocity  is  a   aaaKimum. 

10.  It  a  assumed  in  what  follons,  that  every  sebmic  wave  »^a  accompanied 
by  a  temporary  dtstuittancc  of  the  magnetic  circulation.  The  first  wave,  which 
appears  to  have  just  commenced  the  disturbance  m  (A«   iKsfrvweiit  must  have 
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Strongly  than  before  at  about  iim.  This  goes  on,  but  the  magnetic  action  now 
becomes  less  and  less  intense  (presumably  therefore  the  cause  of  the  disturbance 
of  the  seismic  waves  also)  and  the  amplitude  of  the  vibrations  falling  within  the 
limit  of  photographic  action,  the  record  runs  beautifully  clear  after  this,  and  every 
wave  is  registered  following  its  predecessor  with  more  or  less  rhythmic  precision 
the  intensity  of  the  disturbance  getting  less  and  less  till,  at  about  34  minutes  past 
the  hour,  the  disturbed  trace  runs  into  normal  curve  once  more. 

11.  However,  one  singular  feature  in  the  trace,  which  is  clearly  visible  in  the 
latter  part  of  the  disturbed  curve,  must  also  be  explained,  vit :  the  running  of 
the  vibration  lines  into  each  other  by  a  zig-zag  kind  of  trace.  The  most 
plausible  explanation  appears  to  be  the  following : — 

12.  Assuming  the  normal  curve  to  be  the  zero  for  the  time,  ordinary  vibration<-# 
caused  by  momentary  disturbance,  would  take  place  above  and  below  this  zero 
with  equal  amplitudes.  But  from  the  nature  of  the  appearance  of  the  zig-zag  curve 
it  seems  as  if  the  advancing  seismic  wave  of  condensation  caused  a  decrement  in  the 
declination  and  compelled  vibrations  about  a  displaced  zero  higher  up  the  curve* 
while  during  the  receding  wave  (as  it  passed  away)  the  reverse  and  opposite  effect 
followed,  the  declination  increasing,  the  vibrations  were  Caused  about  a  lowered  zero 
each  phenomenon  of  course  \iaving  its  maximum  and  minimum  effect.  Fourteen 
such  waves  in  all  can  be  detected  on  the  trace,  the  2nd  or  3rd  of  which,  more  pos» 
sibly  the  2nd,  was  the  most  intense,  and  each  complete  wave  was  followed  by 
another  after  an  average  interval  of  about  2  m.  The  maximum  effect  of  the 
advancing  and  the  retreating  parts  of  the  wave  being  recorded  at  the  average 
inter? al  of  about  i  m. 

Disturbance    in    Declination  Magnetograph. 
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13.  It  will  be  seen  that  ttie  beginning  of  the  seismic  disturbance,  as  recorded 
by  this  instrument,  shows  thu  it  was  somewhat  sudden  and  abrupt,  and  the  rise 
lo  the  maximum  after  the  commencement  was  within  3  to  4  minutes,  while,  the 
fallin^off,a3  shown  by  the  clear  trace,  appears  to  have  taken  place  gradually  and 
steadily  till  normal  conditions  were  reached.  From  the  very  r^ular  trace  it 
appears  that  the  time  of  vibration  of  the  m^net  mast  bear  a  certain  relation  to 
the  period  of  disturbance,  the  exact  time  of  vibration  being  some  even  multiple  of 
submultiple  of  the  period,  otherwise  the  regulanty  of  the  vibrations  would  be 
disturbed  by  "  irtterfertnct. " 

14.  Theaverage  displacement  of  the  declination  East  or  West  during  the  4th 
wave,  which  is  well  definedf  would  equal  that  due  to  a  change  of  '00034  C.  G.  S. 
units  in  terms  of  force. 

15.  If  by  producing  the  curves  on  each  side  we  get  the  probable  amplitude  of 
the  most  intense  wave  where  the  two  curves  meet,  the  average  displacement 
appears  to  be 't6  inch,  equal  to  ■00051  C.  G>  S- units  in  tenns  of  force,  and  this 
shows  that  the  second  wave  was  the  most  intense. 

16.  7/k  floritontal  Force  Magneti>graph.~Th&  trace  here  shows  the  disturb- 
ance in  the  Horizontal  Intensity,  which  appears  to  have  commenced  early,  about 
2\  minutes  after  sixteen,  while  the  instrument  shows  that  the  disturbance  did  not 
end  before  36  minutes  paM  sixteen.  This  must  be  due  to  the  extreme  sensitiveness 
•4  the  instrument.  The  sudden  displacement  of  the  curve  at  the  beginning  shows 
that  the  vibrations  must  have  been  performed  about  a  displaced  zero  above  the  curve, 
showing  increased  intensity  equal  to  about  -00004  C.  G.  S.  units,  and  the  action 
appears,  therefore,  more  m^netic  than  mechanical,  though  both  actions  seem  to 
be  superimposed  upon  each  other.  At  si"  past  sixteen  the  vibrations  pass  the  limit 
of  photographic  action  and  this  perhaps  marks  the  time  of  commencement  of  the 
more  intense  oscillations.  The  trace  appears  faintly  at  about  igi"  past  the  hour,  less 
faintly  at  the  extreme  ends  of  the  amplitudes  than  at  the  middle  of  the  curve,  and 
it  continues  faint  till  about  26'  pait  the  hour,  when  the  trace  suddenly  darkens 
but  continues  disturbed  till  36'  past  sixteen  when  the  normal  curve  is  resumed. 
The  time  of  vibration  of  the  magnet  has  been  ascertained  to  be  S*,  and  obviously 
as  this  factor,  together  with  the  period  of  disturbance,  must  influence  the  motion 
of  the  magnet,  the  irregularity  in  the  trace  is  perhaps  to  a  considerable  extent  due 
to  that  cause.      The  scale  value  of  the  original  trace  is  a8'  67''  for  an  inch  of 

1.  and  the  clear  Length  of  suspension  of  the  magnet  is  about  r 
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ft).  The  Observatory  has  two  Vertical  Force  Magnetographs,  both  oC  which 
show  the  two  waves  clearly.  The  maximum  effect  of  the  first  disturbance  coincides 
in  time  with  the  greatest  disturbance  in  the  Declination  Magnetograph.  The 
amplitudes  of  the  vibrations  above  the  curve  are  somewhat  smaller  than  those  be- 
low the  curve  (this  is  more  clearly  shown  in  Vertical  Force  No.  2)  which  shows 
a  slight  decrease  in  Vertical  Force  during  the  time  of  disturbance.  It  may  be 
noted  that  the  time  of  vibration  of  this  magnet  is  535  seconds,  about  the  same 
as  that  of  Declination  magnet 

ai.  5'{<miffdry.» Disturbance  of  magnetical  and  meteorological  instruments  at 
Government  Observatory,  Colaba,  Bombay,  during  the  earthquake  of   12th  June 

1897. 
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I  have  here  reproduced  only  so  much  of  Mr.  Moos'  account  as 
deals  with  the  observed  facts ;  it  will  be  seen  that  he  attributes  the 
effect  to  magnetic  causes  in  the  main,  and  in  the  original  this  is 
treated  at  greater  length.  The  matter  is  one  of  importancci  as  it 
affects  the  question  of  whether  the  time  records  obtained  from  the 
disturbance  of  magnetic  instruments  by  earthquakes  may  be  taken  as 
accurately  representing  the  passage  of  the  earthquake  wave. 

The  disturbance  of  magnetic  instruments  by  earthquakes  has 
been  frequently  observed  ,  but  the  cause  has  been  a  matter  of  dis- 
cussion, and  experiments  have  been  made  to  determine  whether  it 
was  purely  mechanical  or  wholly  or  in  part  magnetic.  M.  MoureauZ| 
Chief  of  the  Magnetic  Observatory  of  Pare  Saint-Maur,  Paris,  had  a 
duplicate  of  his  horizontal  force  magnetograph  prepared,  substituting 

(  185  ^ 


|86  OLDHAM  :  GREAT  EARTHQUAKE  OF   1897. 

a  copper  bar  for  the  magnet,  and  found  that  three  earthquakes,  which 
affected  the  tnagnetograpb,  did  not  affect  the  copper  bar.  But 
no  certain  coDcIusion  can  be  drawn  from  this,  for,  as  ptunted  out  by 
Prof.  Agamennone,*  the  mechanical  coodttions  of  a  magnet  and 
a  copper  bar,  on  which  the  earth's  magnetism  has  no  influence 
are  so  different  that  they  could  not  bo  expeced  to  respond  io  a 
similar  manner,  even  to  a  purely  mechanical  disturbance  in  which 
magnetism  had  no  part. 

Turning  to  a  consideration  of  the  instruments  at  Bombay,  which 
are  similar  to  those  at  any  other  magnetic  observatory,  we  have  three 
types  devotell  to  recording,  (i)  vertical  force,  (a)  horizontal  force,  {3) 
declination. 

The  vertical  force  instrument  consists  of  a  bar  mi^et  suspended 
in  a  nearly  horisontal  position  on  two  knife-edges  which  allow  it  io 
turn  in  a  vertical  plane,  but  not  to  turn  horizontally.  This  magnet 
bears  a  small  mirror,  on  to  which  a  ray  of  light  is  cast  from  a  lamp 
and  reflected  back  on  to  a  slowly  travelling  band  of  sensitised  paper, 
and  in  this  manner  a  record  is  kept  of  the  varying  inclination  of  the 
magnet  dae  to  variations  in  the  vertical  magnetic  force.  As  noted 
by  Mr.  Moos,  the  centre  of  gravity  of  the  bar  does  not  coincide  with 
that  of  the  knife-edges ;  in  the  first  place  it  is  lower,  so  as  to  place  the 
magnet  in  a  state  of  stable  equilibrium,  and  in  the  second  place  it  ha^ 
to  be  a  short  distance  to  the  south  of  the  knife  edges  to  counteract 
the  dip  and  keep  the  bar  approximately  horizontal.  As  a  consequence 
Uie  effect  of  the  inertia  of  the  bar  would  tend  to  cause  a  disturbance 
if  it  were  displaced    in  either  a.  vertical  or  horizontal  dircctioD  ;   and 


THE  BOMBAY  MAGNETIC  OBSBftVATORY.  1 87 

but  there  is  another  way  in  which  the  disturbance  of  the  trace  may 
be  accounted  for  on  mechanical  grounds  alone.  If  the  instrnment 
as  a  whole  is  tilted,  the  lamp  and  recording  paper  are  raised  or 
lowered,  but  the  magnet  retains  its  original  incli nation,  and 
the  position  of  the  spot  of  light  on  the  sensitive  paper  is  con- 
sequently shifted.  This  is,  in  fact,  exactly  what  happened,  and  it 
would  bei.  possible  to  explain  the  appearances  produced  by  a  gentlo 
undulation^  or  alternate  up  and  down  tilting,  of  the  recording 
apparatus  while  the  magnet  remained  steady.  The  absence  of  any 
interruption  in  the  curve,  in  the  case  of  an  instrument  so  extraordi- 
narily  sensitive  to  the  slightest  shock  as  this  is  described  to  be,  cannot 
be  held  to  militate  against  such  an  explanation,  as  it  would  not  be 
exposed  to  anything  of  the  nature  of  a  shock. 

The  horizontal  force  instrument  consists  of  a  magnet  suspended 
by  two  silk  fibres,  fastened  about  ^  inch  apart  from  each  other  on  the 
magnet,  and  about  12  inches  long.  The  upper  attachment  of  these 
fibres  can  be,  and  is,  turned  round,  till  the  magnet,  instead  of  points 
ing  north  and  south,  points  east  and  west ;  in  the  case  of  the  Bombay 
instrument,  the  upper  pair  of  suspension  points  are  turned  through 
about  seven-eighths  of  two  right  angles.  As  «a  consequence  of 
this  mode  of  suspension  the  magnet  is  very  sensitivcj  and  a  move* 
ment,  either  horizontal  or  vertical,  or  a  tilting  in  any  direction  except 
that  at  right  angles  to  the  upper  pair  of  suspension  points,  will 
affect  the  two  fibres  unequally  and  cause  the  needle  to  twist  more 
or  less  till  it  resumes  a  position  of  equilibrium.  Here  again  we  find 
that  the  appearances  might  be  accounted  for  by  purely  mechanical 
causes,  and  the  earlier  commencement  and  later  cessation  of  the 
disturbances  might  be  accounted  for  by  the  greatejr  sensitiveness  of 
the  instrument  to  purely  mechanical  disturbance  from  the  passing 
earthquake-waves. 

The  declination  instrument  consists  of  a  simple  free  swinging  bar 
magnet  suspended  by  a  branch  of  silk  fibres  and  free  to  swing  in 
any  direction.  Here,  as  in  the  vertical  force  instrument,  a  slight 
displacement  of  the  centre  of  gravity  is  necessary  to  counteract  the 
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magnetic  dip,  but  the  displacement  is  so  small  that  the  centre 
of  gravity  lies  practically  within  the  area  of  the  small  bundle  of 
fibres  from  which  the  magnet  is  suspended,  and  it  is  difficult 
to  understand  how  an  angular  swing  could  be  imparted  to  the 
magnet  by  its  inertia,  while  a  tilting  of  the  instrument  as  a 
whole  would  have  no  effect  in  producing  an  angular  displacement  of 
the  needle.  The  only  form  of  mechanical  displacement  which  would 
account  for  the  effect  of  the  earthquake  on  the  trace,  is  a  twisting 
of  the  instrument  as  a  whole,  or  a  side-long  motion  of  the  recording 
paper  relative  to  the  magnet.  As  in  the  case  of  the  vertical  force 
instrument  when  tilted,  the  magnet  would  retain  its  original  position, 
and  the  spot  of  light  would  reach  the  paper  on  one  side  o'' 
other  of  the  position  properly  due  to  that  of  the  magnet. 
Apart,  however,  from  such  twisting  of  the  instrument  as  a  whole 
in  a  horizontal  direction,  it  is  difficult  to  conceive  any  explanation^ 
other  than  magnetic,  to  account  for  the  angular  displacement  of 
the  needle. 

I  know  of  no  means  of  directly  testing  whether  tfaere  was  any 
such  borizontai  twisting  of  the  instrument'  The  vertical  force 
instrument  gives  no  check,  for,  the  motion  of  the  paper  being  in  a 
horizontal  direction,  the  only  eBect  of  such  displacement  would  be 
to  cause  a  slight  uncertainty  in  the  time  determination,  but  the 
amount  of  the  angular  displacement  of  the  declination  needle  re- 
corded-^exceeding  as  it  does  38'  of  arc — makes  it  improbable  that  an^ 
such  displacement   took   place ;    moreover,  though  it  would  be  ira- 
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of  aliquot  part  of  the  natural  period  of  vibration  of  the  needle. 
In  this  case  it  is  conceivable  that  they  mighti  if  sufSciently  prolonged, 
in  time  give  rise  to  a  swing  of  the  needle,  puch  in  excess  of  the 
actual  angular  disturbances,  but  this  supposition  is  improbable^ 
for  it  is  probable  that  the  wave  motion  was  by  no  means  uniform  and 
the  required  ratio  between  the  period  of  the  wave  and  that  of  the 
magnet  would  not  last  for  long  enough  to  produce  the  observed  effect. 
On  the  whole,  therefore,  it  is  probable  that  the  disturbance  of 
the  magnetic  instruments  was  partly,  if  not  principally,  magnetic  and 
not  mechanical ;  but  it  is  evident,  from  the  time  at  which  they  were 
felt,  that  they  had  no  direct  connection  with  the  electric  disturbances  1  1 

described  in  the  next  chapter.  We  have  already  seen  (Chap.  IV)  \  ^-^^^"^^ 
that  the  magnetic  disturbances  were  felt  at  Bombay  at  the 
exact  time  when  the  earthquake  •wave  must  have  passed  under 
it,  and,  consequently,  if  the  apparently  magnetic  disturbance 
at  Colaba  was  really,  as  is  probable,  magnetic,  it  must  have 
originated  locally,  and  as  a  direct  consequence  of  the  passi^ 
of  the  earthquake-wave.  This  conclusion  is  also  in  agreement 
with  the  facts  recorded  in  Chapter  XV,  regarding  the  general 
agreement  of  time  of  the  disturbance  of  such  magnetic  instmments 
in  Europe  as  were  affected,  with  that  of  the  passage  of  the  earth- 
quake waves,  and  with  the  absence  of  a  close  agreement  of  the 
times  at  which  the  magnetic  traces  were  affected  with  any  of  the 
phases  of  the  mechanical  disturbance. 

Chapter  XII.— ELECTRIC  EFFECTS. 

Changes  in  the  electrical  state  of  the  atmosphere  and  earth  currentsi 
causing  a  temporary  interruption  of  telegraphic  communication, 
have  been  observed  to  accompany  other  earthquakes,  but  in  non^, 
so  far  as  I  know,  have  the  latter  been  so  conspicuous  and  severe 
as   in   the  present  instance. 

Among  the   reports  received   from   the  Telegraph  Department 
several   mention   interruptions  of   communication  at  about  the  time 
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of  the  earthquake ;  bat  it  is  very  doubtful  whether  the^  were  in  any 
way  connected  with  it,  except  in  ao  far  aa  they  might  be  due  to  io- 
juriea  to  the  wires  by  falling  trees,  bouses,  etc.  From  Shillong,  how- 
ever, the  reports  are  of  a  different  nature  and  the  facts  sufficiently 
striking  to  justify  their  being  recorded. 

Nothing  is  known  of  the  Brat  great  shock,  the  destruction  was 
too  rapid  and  complete  to  allow  of  any  observations  being  made,  but 
when  communication  was  being  restored,  four  days  after  the  earth- 
quake,  it  was  found  that  the  aftershocks,  then  still  going  on,  were 
accompanied  by  electric  currents  of  sufScient  force  to  cause 
severe  shocks  to  the  operators,  and  sparks  on  the  instruments. 

It  will  be  best  to  reproduce  the  original  reports.  The  first  of 
these  is  from  Mr.  J.  G.  Morgan,  Assistant  Superintendent  of 
Telegraphs,  Shilloog  Sub-Division,  ID  a  letter  to  the  Director  General 
of  Telegraphs,  dated  lath  July  1898  : — 

"  As  stated  before  I  noticed  no  thonder  or  lightning  on  the  evening  of  the  titit. 
But  when  I  wa>  St  the  office,  trying  to  restore  commutiicition,  in  handling  the 
w  Ires,  the  Telegraph  Maiter.  Signallers  and  I  e i per ienced  many  electric  shocks, 
•omeof  themot  considerable  severity.  Nearly  all  these  shocks  were  sometimes 
preceded  but  more  often  followed  by  an  earth  tremor.  Owing  to  the  testing 
InMrumcnti  and  indicators  being  buried  under  the  office  ruins,  I  was  unable  to  find 
the  direction  of  these  currents.  At  Nangpoh  too,  while  I  was  working  Shillong  on 
the  eveninfof  the  i6th,  I  noticed  much  the  same  thing.  The  line  was  being 
worked  in  dosed  circuit  with  copper  to  earth  at  Shillong,  and  I  observed  insuUti«Ni 
■e^-eral  times  lasting  tor  periods,  varying  from  a  few  seconds  to  a  couple  of 
minutes,  in  ever>-  case  an  earth  tremor  made  itself  fell  almost  and  immediately 
after.    No  thunder  or  lightning  was  noticed  by  me  at  the  time." 

The  second  is  extracted  from  letter  No.  80  of  the  Telegraph 
Master,  Shillong,  to  the  Director  General  of  Telegraphs,  dated  20th 
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to  me  that  natnml  carrenU  of  great  intensity  and  alternating  polarity  wen  being 
generated  by  each  shock  of  earthquake,  which  had  the  efiFect  of  neutralisifkg  and 
restoring  the  battery  current.  There  being  a  second  line  available,  it  was  made 
use  of  as  a  return  wire,  when  no  further  trouble  was  experienced  in  working.  Since 
then  earthquake  shocks  have  not  had  the  least  influence  on  our  work  though 
repeatedly  felt  up  to  the  time  of  my  writing. 

In  conclusion  I  would  beg  to  add  that  between  the  12th  and  16th  June,  before 
communication  was  restored,  repeated  attempts  were  made  by  me  to  get  Gauhati 
and  Sylhet,  and  it  was  noticed  that  severe  electrical  shocks  were  felt,  often 
accompanied  by  flashes,  and  in  every  instance  simultaneous  with  the  earthquake 
rumblcy  which  immediately  preceded  each  shock."     $ 

Leaving  out  of  consideration  the  explanation  proposed,  this 
accounti  like  the  firsti  shows  that  there  were  marked  electric  currents 
accompanying  the  after  shocks  in  the  neighbourhood  of  Shillong, 
which  rendered  it  impossible  to  utilise  the  earth  as  a  return  for  the 
jcurrent.  The  intensity  of  these  currents  was  too  great  for  them 
to  be  explained  as  a  purely  mechanical  result  of  the  disturbance 
of  the  soil  in  contact  with  the  earth  plates,  though  this  is  known  to 
produce  slight  electric  currents,  and  the  cause  must  be  looked  for  at 
a  greater  depth  and  more  directly  connected  with  the  origin  of  the 
disturbance. 


Chapter  XIIL— THE  EARTHQUAKE  SOUNDS,  WITH  SOME 
REMARKS  ON  THE  BARISAL  GUNS. 

Like  everything  else  connected  with  this  earthquake,  the  sound 
phenomena,  which  are  so  usual  an  accompaniment  of  earthquakes, 
were  exhibited  on  an  unusual  scale.  Yet,  probably  on  account  of 
the  greater  impression  left  by  the  more  obvious  and  awe-inspiring 
effects  of  the  earthquake,  it  has  not  been  possible  to  collect  informa- 
tion which  will  add  much  to  the  solution  of  the  many  vexed  question^ 
connected  with  the  origin  of  the  earthquake  sounds. 

Almost  the  only  definite  fact  to  be  noted  in  this  connection  is 
that  the  earthquake  was  distinctly  heard,  though  not  felt,  in  the  mines 
of  the  Raniganj  coalfield.  In  this  same  region  the  earthquake,  as  felt 
above  ground  might  almost  have  been  called  severe ;  it  was  universally 
felt  and  caused  some  damage  to  buildings. 
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It  is  well  known  that  the  earthquake  movement,  which  can  be  felt, 
is  comparatively  superficial,  and  that,  away  from  the  epicentre,  it 
rapidly  diminishes  in  amoaot,  eveo  at  small  depths.  That  the  sound 
was  beard  underground,  though  the  movements  were  insensible,  seems 
to  show  that  the  small  and  rapid  vibrations  to  which  it  is  due,  were 
not  the  result,  direct  or  indirect,  of  the  surface  undulations,  but  travel* 
led  directly  through  the  body  of  the  earth. 

Apart  from  this,  the  Observations  are  neither  soRiciently  numerous 
DOr  concordant  to  lead  to  any  results  of  value.  It  has  been  impos- 
sible even  to  determine,  in  many  places,  whether  the  sound  did  or 
did  not  precede  the  movement  of  the  ground  ;  from  one  and  the  same 
place  I  have  received  accounts  slating  that  the  earthquake  was 
preceded  by  a  loud  roar,  and  others  which  are  positive  that  no  sound 
of  any  kind  was  to  be  heard  till  the  earthquake  had  become  severe. 

Of  the  loudness  of  the  sounds  in  the  epiccDtral  tract  we  have 
already  had  evidence  in  the  account  of  Mr,  J.  G.  Morgan,  Assistant 
SuperinteDdent  of  Telegraphs  at  Sbilloog.'  who  found  that  the  crash 
(rf  houses,  falling  within  thirty  yards  of  him,  was  completely  drowned 
by  the  roar  of  the  earthquake,  and  all  the  accounts  from  the  epicentre 
and  its  neighbourhood  speak  of  the  loudness  of  the  sounds  heard  at 
the  time  of,  and  immediately  after,  the  earthquake. 

Like  the  loudness  of  the  sounds  the  extent  of  the  area  over  which 
they  were  heard  was  unusually  large.  Throughout  northern  Bengal 
and  the  Gangetic  delta  many  reports  mention  a  rumbling  sound  as 
preceding,  accompanying,  or   following  the  earthquake.     In  Calcutta 


THE  EARTHQUAKE  SOUNiX  rQj 

«nd  even  as  far  south  as  Coconada^  there  is  every  reason  to  suppose 
that  a  similar  sound  could  have  been  heard  in  Calcutta,  and  that 
those  who  assert  that  there  was  no  sound  to  be  heard,  either  did  not 
notice  it,  or  confounded  it  with  the  crash  of  falling  plaster  and  brick- 
work. 

To  the  west  the  sounds  were  distinctly  heard  throughout  the 
Santal  Parganas,  as  far  west  as  Gaya  and  Palamau.  At  Allahabad, 
Jabaipur  and  Bhartpur  rumbting  sounds  are  said  to  have  been 
heard,  and  even  as  far  off  as  Kotgarh^  the  earthquake  was  accom- 
panied by  a  sound  like  that  of  the  passing  of  a  cart.  To  the  east  they 
are  reported  from  several  stations,  the  most  easterly  being  BhamOj 
though  at  other  stations  it  is  distinctly  stated  that  no  sounds  were 
heard.  At  Mandalay  the  reports  sll  state  that  no  sound  was  heard, 
though  some  also  state  that  the  severe  secondary  shocks  which 
occurred  at  about  i  A.M.  and  1-30  P.M.  of  the  following  day  were 
accompanied  by  distinct  rumblings.  To  the  north  it  is  unknown  how 
far  the  sounds  were  heard,  but  they  were  very  noticeable  in  the 
Darjiling  district,  and  even  at  the  frontier  station  of  Yatung. 

Over  the  area  roughly  indicated  in  the  foregoing  paragraph, 
rumbling  sounds  appear  to  have  been  very  generally  heard,  though 
there  are  many  places  from  which  negative  reports  were  receivedr 
The  reported  absence  of  sound  may  be  merely  due  to  its  not  having' 
been  noticed,  but  it  may  also  in  some  cases  represent  a  real  fact,  for 
it  is  conceivable  that  within  the  area  over  which  the  sounds  were 
generally  audible,  there  may  have  been  places  where  the  local  condi- 
tions were  such  that  the  rapid  vibrations  were  damped,  or  for  some 
other  reason  failed  to  make  themselves  sensible  as  sounds. 

So  far,  mention  has  only  been  made  of  sounds  of  the  ordinary 
type,  which  are  variously  described  as  resembling  distant  thunder, 
the  passage  of  a  train  or  cart,  or  similar  sounds;  the  simile  employed 
being   usually   a  sound  with  which  the  reporter  was   most   familiar. 

Mn  the  case  of  Kotgarh  which  is  In  the  Himalayas,  it  is  possible  that  the  sound  waves  may 
have  been  due  to  a  local  sympathetic  shock,  sUrted  by  the  passage  of  the  earthquake 
waves. 
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All  accAuott  agree  in  selecting  some  sonod  of  deep  pitch,  Dear  the 
lower  range  of  andibilitjTf  of  the  nature  of  a  continuous  rumble  or 
rattle,  prolonged  and,  aa  a  rnle,  increasing  gradually  in  loudness  and 
tobsiding  as  gradually  into  silence.  Besides  these  sounds,  however, 
the  reports  from  certain  places  mention  explosive  sounds,  short  and 
loud,  commencing  suddenly  like  the  report  of  a  cannon-shot. 

Sounds  of  this  kind  have  been  noticed  before,  in  connection  with 
earthquakes  they  have  recorded  in  the  case  of  two  previoos 
earthquakes  in  India,  that  of  1869  and  of  1881  ;  in  the  latter  case 
they  were  mistaken  for  signals  of  distress,  and  the  station  steamer 
at  Port  Blair  was  despatched  to  search  for  the  supposed  wreck. 

In  the  case  of  this  earthquake,  the  accounts  from  Kohima  mention 
that  shortly  (one  account  says  fifteen  minutes)  after  the  passage  of 
the  shock  three  loud  explosive  sounds  were  heard,  which  seemed 
to  come  from  the  south  or  south*west.  Similar  sounds  are  said  to 
have  been  heard  at  Wokha  and  Lumding. 

Another  account,  which  may  be  quoted,  is  that  of  Mr,  A.  E. 
English,  I.  C.  S. 

Date,  from  looking  St  my  diary,  it  must  have  been  the  isth  June;  time,  Ix- 
tween  5  and  6  r.M.  On  return  from  a  stroll  after  game,  at  jungle  camp  on  bank  of 
'Thelngale.'  which  la  some  7  miles  aouth>weit  ot  Kyouko  village,  and  about  ig 
milst  east  oC  Tagaung,  1  noticed  the  water  in  the  tank,  which  was  an  old  river 
course  containing  about  300  yards  of  shallow  water,  lapping  up  against  the  bank 
b«low  my  tent..  My  hunters  said  it  must  be  elephants  bathing,  but  on  looking 
there  were  none  at  the  other  end.  Some  one  then  pointed  to  the  trees  shaking, 
and  we  knew  it  must  be  an  earthqualie.  To  the  best  of  my  memory,  about  \  hour 
or  leu  after  this  1  heard  one  or  two  distinct  booms  like  cannon  shots,  and  came 
out  of  my  tent  and  joined  my  hunters  and  followers  who  had  also  come  out  and 
were  listening  and  counting  the  booms.    We  counted  about  35  distinct  booms  at  ir 
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At  Tagaung  I  heafd  that  the  noites  had  been  heard  from  the  N.  W.  It  was  only 
when  I  made  enquiries  on  board  the  L  P«  Ca's  Steamer  Mogaung  that,  on  hearing 
there  had  been  no  firing  of  big  guns»  1  concluded  the  sounds  must  have  been  caused 
by  an  earthqualce. 

At  the  time  of  occurrence  I  thought  the  firing  must  have  been  pracUoe  or  in< 
connection  with  the  coming  Jubilee.  It  rained  very  heavily  on  nth,  I2th»  13th  and 
onto  15th. 

The  shocks  were  not  felt,  and  except  for  fthe  lapping  of  the  water,  would  not 
have  been  noticed. 

The  sounds  came  to  us  from  west*north*west  of  Theingale. 

•  •••••• 

The  sounds  were   not  at  alllike  the  rumbling  of  earthquakes  I  have  heard 
before,  .and  quite  deceived  me  and  my  hunters,  who  were  all  especially  intelligent 

in  jungle  matters  and  noises. 

•  •••••• 

Similar  sounds  are  said  to  have  been  beard  at  Sigyaing  and 
Mawlu  in  the  Katha  district.  At  the  former  place,  four  loud  reports 
were  heard  before  the  shock ;  at  the  latter,  they  were  heard  afterwards. 

Other  accountSi  from  places  in  Northern  Bengal,  mention  sounds 
like  the  reports  of  distant  artilleryi  but  no  reference  to  them  will  be 
made  here,  as  it  has  not  been  possible  to  make  out  from  the  accounts 
whether  they  merely  refer  to  the  ordinary  rumble,  or  to  the  peculiar 
sounds  now  being  dealt  with. 

It  will  be  seen  that  the  short  explosive  sounds  referred  to  herei 
like  those  accompanying  the  earthquakes  of  1869  and  1881,  were 
comparatively  local  in  their  distributioni  the  areas  over  which  they 
were  heard  were  well  separated  from  the  epicentre,  and  the  explosivo 
sounds,  though  evidently  connected  with  the  earthquake,  followed  it 
after  a  lapse  of  many  minutes. 

The  cause  of  these  sounds  is  at  present  unexplained,  and,  though 
several  suggestions  might  be  made,  fuller  and  more  detailed  informa- 
tion is  required  before  it  will  be  possible  to  express  a  definite 
opinion.  One  thing,  however,  seems  clear  ;  that  the  delay  between 
the  passage  of  the  earthquake  shock  and  the  hearing  of  the  explo- 
sive sounds  is  too  great  to  be  explained  by  the  slower  rate  of  travel 
of  the  sound  wave  through  the  air,  as  in  the  case  of  the  interval 
between  a  lightning  flash  and  its  thunder  clap.      Were  this  the 
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explanation  tt  would  place  the  origin  of  the  sound  at 'a  distance  of 
hundreds  of  miles  from  tbe  place  where  it  was  heard,  and,  even  if  it 
vere  possible  that  the  sound  waves  could  travel  this  distance,  it 
would  necessitate  a  loudness  at  tbe  place  of  origin,  and  an  extent  of 
country  over  which  they  must  have  been  heard,  which  is  much  in 
excess  of  what  there  is  any  evidence  for  assuming. 

More  information  is  lo  be  gathered  from  the  numeroos  small 
after  shocks  which  were  accompanied  by,  and  in  many  cases  consisted 
only  of,  sounds.  It  may 'be  noticed  that  these  sounds  were  not,  as  has 
sometimes  been  stated,  confined  to  the  rocky  ground  but  were  heard 
equally  in  the  hills  and  on  the  alluvial  plain.  I  have  good  evidence  that 
nearly  allthe  shocks  which  originate  under  the  Borpeta  plain  are 
accompanied  by  distinctly  audible  rumblings,  and  this  even  in  the 
case  of  those  very  feeble  shocks  which  are  barely  perceptible,  and  be- 
iag  unrecognised  at  other  stations,  appear  to  be  of  local  origin  and 
small  extent 

During  my  tour  through  the  epicentral  tract  I  had  numerous  oppor< 
tunities  of  observing  these  sounds,  which  were  of  frequent  occurrence 
and  in  some  places  almost  continuous.  Some  idea  of  the  frequency  of 
these  sounds  may  be  gathered  from  a  record,  kept  on  aist,  aand  and 
33rd  January,  of  the  times  at  which  they  were  heard  at  Naphak,  in  the 
Garo  hills : — 

3i(t       Jan.    1 64  3ind       Jan.    10-47  33rd       Jio.     I4>t5 

>6-i5  ii-a  14-iS 

16-JS  11-16  14-39 

17-15  '3-33  iS-8 
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ThU9,  in  the  23  hours  over  which  the  record  extends^  48  distinct 
tumbles  were  heard,  or  at  the  average  of  about  50  per  diem ;  and  of 
these  only  the  7  marked  With  an  asterisk  were  accompanied  by  a 
shock  that  could  be  felt. 

This  degree  of  frequency  was  much  greater  than  I  observed  else- 
where,  and  it  was  noteworthy  that  at  my  next  camp  at  Samin,  which 
was  close  to  the  fault  described  in  chapter  X|  sounds  were  much 
less  frequent,  not  more  than  8  or  10  in  the  day,  and  mostly  accom* 
panied  by  distinct  shakes.  From  Samin  I  marched  northwards  to 
the  neighbourhood  of  Damra  and  found  the  sounds  more  frequent 
again.  When  working  along  the  great  Chedrang  fault  I  again  noticed 
the  fewness  of  sounds,  and  more  especially  of  those  unaccompanied 
by  shocks  that  could  be  felt.  In  other  words,  the  sounds,  unaccom^ 
panied  by  shocks,  appeared  to  be  more  common  where  the  surfaco 
disturbance  had  taken  the  form  of  bending,  than  where  fractures  bad 
extended  to  the  surface. 

This  conclusion)  and  most  others  regarding  the  sound  phenomena^ 
must  be  taken  merely  for  what  they  are  worth.  It  was  impossible  to 
test  them  by  comparison  of  simultaneous  observations  at  different 
places,  and  it  is  possible  that  the  results  might  have  been  diiferent 
had  I  been  at  my  different  camps  on  dates  other  than  those 
on  which  I  actually  was  at  each  particular  place. 

With  regard  to  the  nature  of  the  sounds  there  was  great 
variation.  As  a  rule,  they  began  as  a  low,  almost  inaudible  rumble, 
gradually  increasing  in  loudness,  though  to  a  very  varying  degree^ 
and  then  gradually  dying  out  after  having  lasted  anything  from  5  to 
50  seconds.  It  cannot  be  said  that  there  was  any  connection  between 
the  duration  and  the  loudness  of  the  sounds,  some  of  the  most 
prolonged  never  becoming  loud,  and  some  of  those  which  lasted 
a  shorter  period  being  as  loud  as  ordinary  thunder  at  a  distance  of 
two  or  three  miles. 

Frequently,  instead  of  commencing  gradually,  the  sound   com* 
menced  abruptly   at   its  maximum  loudness  and  then,  after  a  prp- 
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lODged  rumble,  died  slowly  off.  Occasionally  the  sound  com- 
menced abruptly  and  ended  soon,  resembling  the  sound  of  a  small 
cannon,  or  in  some  cases  of  a  shot-gun  loaded  with  black  powder 
and  fired  at  a  distance  of  quarter  of  a  mile. 

I  tried  to  discover  if  any  variation  in  tbe  pitch  of  the  oote  was 
observable,  and  though  it  did  seem  in  a  few  cases  that  the  pitch, 
as  opposed  to  the  volume,  was  highest  at  the  commence  ment  and 
Bank  as  the  sound  increased  in  volume,  yet  no  general  rule  of 
this  sort  could  be  noticed ;  variations  in  pitch  were  seldom  notice- 
able, and  when  they  were,  occarred  without  any  regularity  of 
order.  The  sounds  are  in  fact  so  close  to  the  lower  limit  of  audibility 
that  there  is  little  room  for  variation  of  pitch.  They  are  indeed 
less  a  note  than  a  rumble,  and  resemble  nothing  more  than  distant 
thunder.  Of  this  I  had  a  good  proo^  for  on  the  morning  of  the  26th 
January  when  marching  from  Samin  to  Cherao,  a  thunderstorm  eame 
up  from  the  south-west,  and  I  found  it  impossible  to  distinguish 
between  the  earthquake  sounds  and  the  thunder  at  a  distance  of  one 
to  three  miles. 

Very  frequently  the  sound  had  not  the  continuous  nature  of 
thunder  and  was  rather  a  very  rapid  succession  of  short  sounds,  a 
rattle  w  rumble  in  fact,  not  unlike  the  sound  made  by  a  cart  driven 
rapidly  over  a  rough  pavement. 

An  interesting  point  to  determine  is  whether  the  sounds  travel 
through  the  air,  or  originate  locally.  If  they  travelled  any  distance 
through  the  air  it  is  obvious  that  the  apparent  duration 
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Were  this  the  case,  we  should  expect  that  the  sound  would 
be  at  its  loudest  shortly  after  its  commencement  and  gradually  die 
away.  To  a  certain  extent  this  is  the  case,  but  the  final  dying  out 
of  the  sound  is  usually  so  short  in  comparison  to  its  total  duratioOi 
that,  if  explicable  in  this  way,  the  real  duration  of  the  sound  waves 
in  the  ground  must  be  within  a  few  seconds  of  the  apparent  duration 
of  the  sound. 

Another  objection  to  the  idea  that  the  prolonged  duration  of  the 
sounds  is  due  to  its  gradual  arrival,  through  the  air,  from  more  and 
more  distant  origins,  is  its  lowness,  the  word  being  here  used  with 
regard  to  the  volume,  not  the  pitch  of  the  sound.  Quite  nine-tenths 
of  the  sounds  I  heard  were  never  loud  enough  to  travel  even  half  a 
mile,  about  as  far  as  they  could  travel  in  2|  seconds,  and  remain 
audible.  Hence  it  is  evident  that  durations  of  10  or  20  seconds 
cannot  be  explained,  as  in  the  case  of  a  prolonged  thunderclap,  by 
the  varying  distances  that  the  sound  has  travelled  .through  the  air. 

As  another  argument  leading  to  the  same  conclusion,  it  may  be 
said  that  the  sounds  appeared  to  be  much  more  noticeable  indoors 
than  out  of  doors.  On  the  hypothesis  of  local  origin  this  is  easily 
understood,  for  not  only  would  the  walls  and  ceiling  of  a  room  serve 
to  confine,  and  so  intensify,  the  sound,  but  they  would  themselves 
be  set  in  vibration  and  communicate  these  vibrations  to  the  air  of 
the  room.  It  even  seemed  to  me  that  the  sounds  were  noticeably 
more  audible  in  a  tent  than  in  the  open ;  here  the  tent  walls  could 
not  communicate  sound-waves  to  the  air,  but  they  would  serve  to  con- 
centrate those  communicated  by  the  ground. 

From  its  very  nature  this  last  argument  is  based  on  an  impression 
which  is  incapable  of  proof,  as  it  is  impossible  for  the  same  observer 
to  be  both  in  and  out  of  doors  at  the  same  moment  The  number  of 
earthquake  sounds  heard  during  the  foir  m  >nths  I  was  in  Assam 
was,  however,  so  great  that  a  certain  amount  of  comparison  was  pos- 
sible ;  it  was  moreover  a  point  to  which  I  paid  special  attention  and  I 
believe  that  the  statement  in  the  last  paragraph  represents  a  real  fact. 
The  general  conclusion  come  to  as  the  result  of  observations 
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made  by  me  during  the  cold  weather  of  1897-98  was  that  the 
earthquake  sounds  very  seldom  travel  through  the  air,  and  then  only 
to  a  small  distance  ;  and  that,  though  probably  heard  in  the  air, 
they  have  travelled  through  the  earth,  and  are  only  communicated  to 
the  air  in  the  immediate  vicinity  of  the  hearer,' 

It  would  be  impossible  to  close  this  Chapter  without  some  refer- 
ence to  those  mysterious  sounds  known  as  the  '  Barisal  guns/  which 
there  seems  good  reason  to  suppose  are  seismic  in  their  origin,  and 
to  which  several  correspondents  have  made  pointed  reference  in 
connection  with  the  earthquake.  A  full  account  of  them  is,  however, 
impossible  ;  the  amount  that  Has  been  published  on  the  subject  is  so 
great  and  the  various  hypotheses  which  have  been  propounded  so 
numerous,  that  a  full  discussion  of  the  subject  would  occupy  more 
time  and  space  than  can  here  be  devoted  to  them. 

The  earliest  published  reference  to  the  '  Barisal  guns '  knonn 
to  me  is  in  an  account  of  the  Antiquities  of  B&gerh£t  by  Sabu 
Gourdas  Bysack  presented  to  the  Asiatic  Society  and  published  in 
the  Journal  of  that  Society  in  1867,*  in  which  they  are  stated  to  be 
regarded  as  supernatural  salutes  fired  in  honour  of  a  local  saint.  The 
subject  came  before  the  Asiatic  Society  again  in  1870,  and  several 
communications  will  be  found  in  the  '  Proceedings '  of  the  Society  for 
that  year.  In  1888  Babu  Gourdas  Bysack  presented  a  further 
paper  on  the  Barisal  guns  to  the  Society,  and  as  a  result  of  it  a 
special  committee  was  appointed  by  the  Society  to  collect  information 
aind  draw  up  a   report  on  the  facts  and  to   discover,  if  possible,  the 
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Various  are  the  theories  which  have  been  propoundedi  in  the* 
numerous  communications  to  the  Asiatic  Societyi  in  explanation  o( 
the  phenomenon.  First  among  them  may  be  placed  that  which  can  best 
be  described  as  sceptical.  According  to  this  the '  Barisal  guns  *  are 
nothing  but  the  sound  of  firearms,  or  of  pyrotechnic  bombs,  exploded 
on  the  occasion  of  marriages  or  other  rejoicings,  or  of  distant  thunder. 

This  explanation  may  be  rejected.  In  individual  instances  it  may 
be  impossible  to  distinguish  between  the  sound  of  fireworks  at  a 
little  distance  and  the  true  '  Barisal  gun, '  yet  the  universal  belief  in 
the  reality  of  this  last  shows  that  we  have  to  deal  with  a  phenomenon 
distinct  from  the  familiar  sounds  by  which  its  explanation  is  attempted. 

Another  explanation  attributes  the  '  Barisal  guns '  to  electric  dis- 
charges or  the  release  of  explosive  gases  under  water.  This  hypo» 
thesis  is  too  vague  to  explain  anything,  and  till  some  definite 
indication  is  given  of  the  nature  of  the  discharge  or  explosion,  it 
cannot  be  accepted,  especially  as  there  is  another  and  adequate 
explanation.  i 

Of  the  more  definite  explanations,  which  are  very  probably  also 
partially  true^  the  most  popular  appears  to  have  been  that  which 
ascribes  the  sound  to  the  breaking  of  surf  on  the  sea  shore.  Thi^ 
appears  to  have  been  adopted  because  the'  Barisal  guns/  in  the 
Gangetic  Delta,  seem  to  come  from  the  south,  and  the  Proceedings 
of  the  Asiatic  Society  contain  more  than  one  explanation  of 
how  a  large  roller  breaking  on  a  flat  shore,  could  produce  a  sound 
which,  in  certain  positions,  would  resemble  that  of  a  distant  gun,  and 
some  accounts  of  how  such  sounds  had  actually  been  heard,  the  result 
of  a  heavy  surf. 

This  explanation,  however  satisfactory  it  may  be  for  places  not 
too  for  removed  from  the  coast,  cannot  be  accepted  in  the  case  of 
the  precisely  similar  sounds  heard  far  inland  in  northern  Bengal. 
Here  another  explanation  becomes  more  applicable,  that  the  soundi 
are  due  to  the  falling  in  of  river  banks.  When  the  Gangetic  rivers 
are  rising  in   flood  the  high  river  banks  are  largely  undermined  and 
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fall  into  the  river  with  a  crash  which,  according  to  some  accounts, 
19  at  times  andistioguishable  from  the  sound  of  a  distant  cannon. 
This  explanation,  however,  fails,  tike  the  last,  as  an  universal 
one  since  the  sounds  are  heard  at  places  and  at  tiroes  when  it 
is  inadmissible. 

The  subcommittee  of  the  Asiatic  Society,  saw  this  difficulty 
and  attributed  the  sounds  to  reflection.  That  is  to  say,  they 
were  talceo  to  be  sounds  originating  at  a  distance  so  great  that 
they  are  inaudible  till  the  sound  waves  had  been  reflected  from  a 
concave  river  bank  or  hill  side  and  rendered  audible  by  being 
brought  to  a  focus. 

The  acceptance  of  this  hypothesis  seems  to  have  been  mainly 
determined  by  the  fact  that  the  sounds  were  at  times  only  heard 
by  one  of  two  neighbouring  observers  and  not  by  the  other.  This 
is  explicable  on  the  supposition  that  the  one  who  heard  the  sound 
was  in  the  focus  of  the  reflected  sound  waves,  while  the  other  was 
not.> 

The  last  explanation  to  be  noticed  is  that  which  regards  the 
'  Barisal  guns '  as  earthquake  sounds.  We  shall  return  to  this,  and 
all  that  need  be  said  here  is  that  the  peculiar  local  distribution  of  the 
sounds  which  led  the  subcommittee  of  the  Asiatic  Society  to  at* 
tribute  them  to  reflection,  is  not  inconsistent  with  their  being  seismic> 
It  seems,  however,  doubtful  whether  the  supposed  fact  is  a  real  one ; 
preoccupation,  disturbance  in  the  household,  distraction  from  what- 
ever cause,  or  even  mere  inattention,  might  lead  to  the  sound  not 
being  noticed  by  one  observer. 
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heard.  Now  it  is  a  well  established  fact  that  the  larger  and  slower 
vibrations  which  canse  an  earthquake  proper,  may  vary  in  amplitude 
and  period,  even  at  two  places  only  a  few  hundred  yards  apart,  and 
it  is  reasonable  to  suppose  that  the  same  may  be  the  case  with  the 
more  rapid  vibrations  which  make  themselves  audible  as  sounds. 
The  lowest  note  which  can  be  heard  by  the  human  ear  corresponds 
to  a  rate  of  about  32  vibrations  a  second,  anything  slower  than  that 
being  inaudible ;  as  the  sound  of  the  '  Barisal  gun  ',  like  that  of 
earthquake  sounds  in  general,  is  of  very  deep  pitch,  and  but  little 
above  the  lower  limit  of  audibility,  it  is  easy  to  understand  how  the 
sound  might  be  heard  at  one  place,  while  at  another  not  far  off  the 
vibrations  might  be  just  too  slow  to  be  audible. 

In  all  the  accounts  noticed  as  yet  the  phenomenon  is  treated  as 
a  local  one,  and  though  in  the  later  papers  it  is  recognised  that  the 
sounds  are  not  confined  to  the  Bakargan]  district,  or  even  to  the 
neighbourhood  of  the  sea  face  of  the  Gangetic  delta,  yet  the  expla- 
nations offered  have  all  reference  to  the  special  conditions  of  the 
Gangetic  alluvium.  No  attempt  seems  to  have  been  made  to  utilise 
the  experience  of  other  parts  of  the  world  where  'similar  sounds  are 
heard. 

The  '  Barisal  guns'  are  in  fact  no  local  phenomenon,  but  have 
been  observed  in  many  places.  In  1822  the  inhabitants  of  the 
island  of  Meleda,  off  the  Dalmatian  coast,  were  startled  by  a  succes- 
sion of  explosive  sounds,  which  lasted  for  some  years,  and  caused  so 
great  alarm  that  a  special  commission  was  appointed  by  the  Austrian 
Government  to  investigate  and  report  on  them.  The  report^  is  an 
interesting  and  valuable  document,  not  only  as  a  record  of  the  facts 
and  a  careful  description  of  the  nature  of  the  sounds— which  were 
evidently  exactly  like  those  of  the  *  Barisal  guns  '—but  also  as 
containing  a  full  account  and  examination  of  all  the  theories  that  had 
been     proposed  to  account  for  them.    The  final  result    of    this 

>  Paul  Partich,  Berfcht    fiber  das  Dctooaticns  Phaaomen  auf  der  laael  Melflda  bey 
Ragoia  etc.  r*  Wien,  1826. 
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examination  is  a  demonstration  that  they  were  of  seismic  origin,  and 
that  no  other  hypothesis  would  satisfactorily  account  for  the  facts. 

The  '  guns '  of  Meleda  appear  to  have  lasted  for  about  five  years 
and  then  ceased.  It  is  definitely  stated  that  none  had  been  heard 
'  before  182a,  and  there  is  no  published  account,  that  I  am  aware  of, 
of  their  recurrence  after  iSa;.  It  may  be  that  outside  these  dates 
they  were  merely  too  infrequent  to  attract  notice,  but  if  the 
limitation  is  correct,  they  fall  into  a  numerous  category  of  outbreaks 
of  explosive  sounds  in  other  parts  of  Europe  and  in  America.  There 
are,  however,  at  least  two  regions  where  sounds  like  the  'Barisal 
guns 'are  well  known  locally  and  may  be  regarded,  like  those  of 
Bengal,  as  a  permanent  phenomenon. 

Of  the  Flemish  coast  explosive  sounds  known  as  mistpceffer 
have  been  studied  by  Van  den  Broeck,  who  has  published  a 
number  of  accounts  of  them'  ;  and  still  more  recently  Professor 
A.  Cancan!  has  published  an  account  of  the  very  similar  sounds 
known  as  marina  in  the  mountains  of  Umbria,* 

It  will  be  impossible  here  to  examine  all  these  accounts  in  detail, 
but  a  brief  notice  of  the  points  in  which  they  agree  or  disagree  will 
be  necessary.  In  all  cases  and  places  there  seems  to  be  a  general 
consensus  that  they  are  only  heard  in  calm  weather.  This  probably 
only  means  that  when  there  is  a  strong  wind  blowing  the  sounds  are 
drowned  by  those  directly  due  to  the  wind.  Apart  from  this,  there 
is  no  agreement  as  to  the  time  of  year,  of  day,  or  of  the  state  of  the 
weather.  The  accounts  from  different  places  differ  widely  in  these 
and  even   different  accounts  from  the  same  place  differ  radi- 
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observations  extended  over  a  suflSciently  long  period  of  time.  Impres- 
sions are  frequently  founded  on  a  very  slight  basis  of  fact ;  thus  the 
recurrence  of  a  few  'guns '  in  the  early  morning,  or  in  foggy  weather, 
might  start  an  impression  that  these  were  the  circumstances  in  which 
the  sounds  were  most  frequently  heard,  and,  the  impression  once 
started,  all  cases  agreeing  with  it  would,  as  human  nature  is  consti- 
tuted, be  more  noticed  than  those  which  did  not  agree  with  it,  and  so, 
unless  there  was  a  very  great  preponderance  of  the  latter  the 
impression  would  remain.  So  too,  at  a  subsequent  date,  another 
person  might  be  struck  by  the  recurrence  of  '  guns '  in  the  late 
afternoon,  and  the  impression  would  arise  that  they  most  frequently 
occurred  at  that  time. 

Taking  this  into  consideration,  there  does  not  seem  to  be  any 
good  evidence  that  the  *  guns  *  are  specially  associated  with  any  time 
of  day  or  season  of  the  year,  or  that  they  are  accompanied  by  any 
particular  form  of  weather,  except,  as  has  been  noticed,  that  they  are 
not  generally  heard  when  there  is  a  high  wind.  Nor  is  there  even 
any  good  reason  to  suppose  that  in  the  case  of  each  individual  dis- 
trict, there  is  any  such  connection  between  a  special  form  of  weather 
and  the  hearing  of  the  sounds  as  would  imply  their  being  due 
to  peculiar  atmospheric  conditions. 

There  is  one  point  on  which  all  accounts  are  agreed,  that  the 
sounds  are  seldom  heard  singly.  They  appear  to  be  almost  univer- 
sally heard  in  groups  of  three  or  more,  separated  by  comparatively 
short  intervals  of  time,  each  group  being  separated  by  a  comparatively 
long  interval.  This  is  an  important  point,  for  in  it  the  '  guns '  agree 
in  mode  of  occurrence  not  only  with  earthquakes  which  can  be  felt, 
but  also  with  those  minute  and  rapid  tremors  which  cannot  be  felt 
but  only  make  themselves  known  as  earthquake-sounds  or  sound- 
earthquakes. 

This  brings  us  back  to  what  appears  to  be  the   only  explanation 
universally  applicable,  that  is  to  say,  the  '  Barisal  guns  '  and  similar 
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sounds  heard  in  other  parts  of  th«  world,  are  aeismic  in-  their 
nature,* 

Among  the  many,  communications  I  have  received  regarding  the 
great  earthquake  of  1897  there  are  some  facts  recorded  which  point  to 
the  seismic  origin  of  the  '  Barisal  guns.'  One  is  that  thcj  are  reported 
to  have  been  very  numerous  and  noticeable  about  Haldibari  and 
Jaipur  Hit,  which  are  close  to  the  western  limit  of  the  epicentrat 
tract,  previous  to  12th  June  1S9;.  The  other,  which  has  come  to  me 
from  several  independent  sources,  that  they  were  not  noticed  in 
Barisal  during  the  tatter  half  of  1897,  and  were  cert^uly  much  less 
numerous  than  usual. 

It  is  easy  to  understand  that  so  great  a  displacement  in  the 
earth's  crust  as  that  which  gave  rise  to  the  great  earthquake  of  1897 
would  lead  to  a  redistribution  of  strain  in  all  the  surrounding  regions. 
In  the  deltaic  region  of  eastern  Bengal,  this  redistribution  seems  to 
have  taken  the  form  of  a  relief  of  the  preexisting  strains  which  gave 
rise  to  the  small  movements  that  may  be  regarded  as  the  cause  of 
the  '  Barisal  guns',  and  hence,  till  this  strain  is  reestablished,  they 
will  be  less  frequent  than  before. 

In  ascribing  a  seismic  origin  to  the  '  Barisal  guns '  it  must  be  disr 
tinctly  understood  that  other  causes  are  not  excluded.  It  may  be 
that  some  of  the  sounds  classed  as '  Barisal  guns'  are  due  to  fireworks 
or  firearms,  or  to  distant  thunder.  It  may  be  too  that  in  some  cases 
they  are  due  to  surf  breakmg  on  a  flat  coast  or  to  the  falling  in  of 
river  banks ;  and  it  is  even  possible  that  they  are  at  times  duo  to 
the  concentration  of  sound  by  reSection,  as  suggested  by  the  sub- 
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hardly  be  other  than  seismic,  using  the  word  in  its  widest  sense ;  that 
is  to  say,  the  sounds  are  due  to  disturbances  in  the  interior  of  the 
earth,  caused  by  readjustments  of  the  distribution  of  the  material 
of  its  crust,  and  taking  the  form  of  elastic  vibrationS|  which  are  trans- 
mitted to  the  surface  and  there  become  sensible  as  sounds. 


Chapter  XIV.— THE  ROTATION  OF  PILLARS  AND 

MONUMENTS. 

That  pillars  and  other  similar  objects  may  be  left  standing,  but 
with  one  part  twisted  round  upon  another,  has  long  been  known 
as  a  fantastic  effect  of  severe  earthquakes,  and  even  in  some  cases 
of  earthquakes  which  can  hardly  be  called  severe.  There  has, 
however,  been  no  instance  where  cases  of  this  kind  have  been  so 
numerous,  and  so  various  in  the  nature  of  the  objects  rotated,  as 
the  earthquake  now  under  consideration,  and  advantage  has  been 
taken  of  this  to  collect  all  the  information  possible,  and  to  apply 
the  data  so  obtained  in  testing  the  sufficiency  of  the  various  theories 
which  have  been  advanced  by  different  authors  to  account  for  the 
phenomenon. 

In  treating  this,  branch  of  the  investigation  of  the  earthquake, 
I  shall  first  of  all  describe  those  instances  of  rotation  which  have 
come  under  my  observation,  and  then  proceed  to  an  examination  of 
the  theories  which  have  been  advanced. 

The  description,  however,  requires  a  few  words  of  introduction. 
In  order  to  determine  exactly  what  has  happened  we  require  to 
know  (i)  the  amount  of  the  twisting,  (2)  its  direction,  and  (3)  the 
amount  and  direction  of  the  lateral  displacement  of  the  upper  por- 
tion as  a  whole,  that  is  to  say  the  distance  and  direction  that  its 
centre  of  gravity  now  lies  with  regard  to  its  position  before  the  earth- 
quake. The  first  and  third  of  these  require  no  explanation,  but  the 
second  is  one  in  which  confusion  is  possible ;  in  tISe  case  for  instance 
of  a  square  pillar  whose  sides  now  stand  at  an  angle  of  40^  with  their 
original  direction  it  is  obviously  important  to  know  whether  it  has 
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been  turned  50'  in  one  direction  or  40^  in  other.  This  cannot 
always  be  made  out  from  the  plans,  but  can  always  be  seen  on  the 
spot,  as  it  is  easy  enough  to  determine  which  side  of  the  upper  por- 
tion originally  coincided  with  which  side  of  the  lower.  The  direction 
of  rotation  was,  consequently,  determined  in  every  case  by  observa* 
tion  and  is  stated  in  the  following  description  as  positive  or  nega- 
tive ;  by  positive  is  meant  rotation  with  the  sun,  or  in  the  same 
direction  as  the  hands  of  a  watch  lying  face  upwards  on  the  ground, 
by  negative  is  meant  rotation  in  the  opposite  directioo. 

The  most  imposing  and  striking  of  the  numerous  instances  of 
twisting  is  that  of  the  monument  to  George  Inglis,  erected  1850,  at 
Chbatak.  This  conspicuous  landmark  takes  the  form  of  an  obelisk 
and  rising  from  a  base  12  ft.  stjuare,  must  have  been  over  60  ft.  high 
before  the  earthquake.  Et  is  built  of  broad,  flat  bricks,  or  tiles,  liud  io 
mortar  and  plastered  over,  and  is  represented,  in  its  present  state, 
in  the  frontispiece,  while  a  plan  and  elevation  will  be  found  on  Plate 
XXXV. 

Owing  to  the  size  it  was  impossible  to  get  exact  measurements^ 
The  height  was  determined  by  means  of  an  Abney's  level,  and  the 
position  of  the  twisted  portion  bad  to  be  determined  by  perpendi* 
culars  dropped  from  its  corners  on  to  the  pediment.  With  these 
qualifications  the  following  particulars  may  be  accepted  as  substan- 
tively accurate. 

The  topmost  6  ft.  a  in.  was  broken  of!  and  fell  to  the  south,  whik 
the  next   9  ft.   was     thrown   to    the  east,   as   shown  in   plan   on 
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mass,  has  separated  on  account  of  the  pressure  on  its  upper  end. 
This  separation  is  on  the  east  side,  and  is  shown  in  the  frontispiece. 

At  Cherrapunji  there  are  more  instances  of  twisted  objects.  At 
Inglis'  bungalow  a  square  masonry  pillar^  originally  intended  to  carry 
an  aqueduct  across  a  small  water-course^  7  ft.  9  in.  high  by  2  ft.  square 
in  section,  oriented  N  30®  E,  has  twisted  negatively  5**.  The  centre 
has  shifted  3  in.  to  N  55^  E. 

Close  to  this  is  a  pillar  rising  from  the  top  of  the  compound  wall. 
The  wall  is  3  ft.  6  in.  high^  and  the  pillar  rises  5  ft.  above  it^  with  a 
section  2  ft.  2  in.  square,  oriented  N  58°  E  ;  this  has  twisted  positively 
4°.  The  centre  has  shifted  li  in.  to  S  40^  E.  Plans  of  these  two 
pillars  are  given  on  Plate  XXXV. 

David  Scott's  monument  has  about  6  ft.,  of  the  part  left  standing, 
broken  oS  and  twisted  about  i^  negatively.  The  corners  of  the  stones 
at  the  plane  of  twisting  have  been  flaked  off  owing  to  the  pressure 
brought  to  bear  upon  them. 

At  Shillong  the  gate  pillar  of  the  Perndale  Hotel  (Plate  XXXIV) 
was  twisted  negatively.  The  pillar  was  oriented  originally  N  8^  E. 
It  has  turned  negatively  on  its  base  4^,  and  again  above  the  lower- 
most stone  through  another  2^.  The  centre  has  shifted  slightly  to 
N.  W.y  but  as  each  block  has  an  iron  pin  fixed  in  its  upper 
surface,  which  fits  loosely  into  a  hole  in  the  base  of  the  block  next 
above  it,  no  great  lateral  shifting  was  possible. 

The  gate  pillars  of  Beauchamp  Lodge,  represented  in  the  lower 
half  of  Plate  XXXIV,  have  both  been  twisted.  They  were  8  ft.  high 
by  2  ft.  gin.  square,  oriented  N  15^  E.  One  pillar  has  twisted  fosi* 
tivelf  3°;  the  centre  has  shifted  4  in.  to  N  36''  W.  The  other  pillar 
has  twisted  positively  4®,  the  centre  having  shifted  i|  in.  to  N  70°  W. 

At  Gauhati  are  the  largest  number  of  twisted  objects.  Views 
of  some  of  these  are  given  in  Plate  XXI,  elevations  on  Plate  XXXVI, 
and  plans  at  the  plane  of  twisting  on  Plate  XXXVII. 

Beginning  with  the  group  of  tombs  represented  on  Plates  XXI 
and  XXXVI  we  have- 
First,  an  obelisk  on  the  left.  No.  3  broken  at  its  base  and  twisted 
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negatively  2°  :  centre  shifted  \  in.  to  W  20°  S  ;  section  at  fracture 
2  ft.  square. 

Second,  the  tomb  No.  2  of  the  same  type,  but  broken  higher  up 
and  twisted  positively  48"  ;  the  centre  has  shifted  2^  in.  to 
N  80°  W  ;  section  at  fracture  I  ft.  S  in.  square. 

Third,  thecyhndrical  fluted  column  No.  I.  The  twisting  of  this  can 
be  recognised  by  the  fluting,  but  more  distinctly  by  the  present 
oblique  position  of  the  name  tablet,  which  waa  doubtless  originally 
placed  in  the  same  line  with  the  rest  of  the  tombs.  As  the  undis- 
turbed tombs  close  by  only  vary  in  orientation  of  the  corresponding 
sides  between  W  15°  S  and  VV  18°  S,  while  ihe  tablet  on  the  column 
bears  \V  24°  S,  it  is  evident  that  this  has  been  t  wisted  negatively  at 
least  7* ;  the  centre  has  shifted  f  in.  to  N  20°  E  ;  the  section  at 
the  fracture  is  2  ft,  1  in.  diameter, 

Besides  these,  the  tomb  of  Samuel  Fleming,  of  the  same  pattern 
as  those  marked  i  and  3  above,  has  been  broken  across  the  pediment, 
and  twisted  negatively  4°;  the  centre  has  shifted  ^  in.  to  N  20°  W. 

VVe  may  now  turn  to  the  gate  pillars  of  the  telegraph  signallers' 
quarters,  one  pair  of  which  are  represented  in  Plite  XXI,  fig.  2.  These 
are  all  square  pillars  2  ft.  3  in.  across  at  the  plane  of  fracture,  and 
about  7  ft.  high,  oriented  N  20°  W,  In  the  case  of  the  eastern  gateway 
represented  in  Plate  XXI,  the  plane  of  fracture  was  i  ft.  3  in.  from  the 
ground  ;  in  the  case  of  the  single  pillar  of  the  western  gateway  left 
standing,  it  was  2  ft.  6  in.  from  the  ground.  They  have  all  been 
twisted  negatively. 
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Besides  these^  there  must  be  mentioned  the  pillar  in  the  wall  of 
the  compound  W  of  the  Deputy  Commissioner's  bungalow^  which  was 
oriented  N  25°  W,  and  twisted  positively  10^. 

At  Tezpur,  a  small  iron  safe,  standing  on  a  four-legged  stool  in  the 
corner  of  a  room  in  Surgeon-Major  Macnamara's  house,  was  turned 
negatively  through  about  40°;  a  despatch  box  resting  on  a  similar 
stool  in  the  opposite  corner  of  the  room  was  also  twisted  negatively 
through  nearly  90°.  In  both  cases  the  stool  turned  with  the  safe 
or  box  resting  on  it,  and,  so  far  as  could  be  judged,  almost  on 
its  axis.  A  newly  built  porch  of  this  house  was  broken  down 
^nd  the  brick  pillars  supporting  it  twisted  negatively,  also  nearly 
on  their  axis,  so  far  as  I  could  judge  from  the  description. 

At  Darjiling  we  have  the  tomb  described  by  Mr.  Hayden  (Appendix 
A)  and  represented  on  Plate  XXXII,  fig.  i,  the  plan  at  the  plane  of 
twisting  being  shown  in  fig.  31.  The  orientation  of  this  was  E  40°  N  ; 
it  was  twisted  positively  2°,  and  the  centre  shifted  \  in.  to  E  40°  N. 
The  section  at  the  plane  of  twisting  was  i  ft.  6^  in.  square. 

At  Calcutta  some  of  the  pinnacles  of  the  High  Court,  of  octagonal 
section,  are  reported  to  have  been  broken  across,  and  the  upper  part 
twisted  round.  Unfortunately  no  measurements  were  made  before 
these  were  repaired,  and  it  is  not  possible  to  say  in  what  direction  or 
to  what  extent  they  were  displaced. 

In  addition  to  these  instances  of  the  rotation  of  untramelled  pillars, 
the  case  of  the  thermometer  shed  at  Dhubri  may  be  mentioned 
(see  fig.  24,  Appendix  A),  where  a  set  of  brick  pillars  supporting  a 
thatch  roof  were  broken  off,  and  rotated  positively  from  9°  to  12°.  At 
the  Borjuli  tea  garden,  in  the  Tezpur  district,  a  leaf  house  whose  roof 
was  supported  on  brick  pillars  was  affected  in  the  same  way ;  the 
pillars  were  all  broken  off  and  twisted  positively  from  6°  to  10°.  I 
was   informed  that    the  same  thing    had    been    noticed   on     several 

'  See  Mr.  LaTouche's  report,  Appendiz  A  :  Ihe  monuments  and  pillars  at  Cherrapunjt, 
Shillong  and  Gauhati,  referred  to  in  the  text,  were  mentioned  in  his  report  and  afterwards  re- 
examined by  me  and  measured  with  a  special  view  to  determining  t  he  amount  and  direction 
of  the  displacement  of  the  centre  of  gravity  of  the  rotated  portion. 
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Other  gardens,  even  as  {ar   as   the  Sihsagar   district,  but    have    no 
further  particulars. 

The  earliest  instance  of  the  rotation  of  objects  by  an  earthquake, 
of  which  I  can  find  any  published  record,  is  in  the  account  of  the 
Calabrian  Earthquake  of  1783  by  Michele  Sarconi,  Secretary  to  the 
Neapolitan  Academy  of  Science  and  Letters,*  His  figures  of  the 
dislocation  of  the  obelisk-shaped  pillars  at  either  end  of  the  faqade  of 
the  Certosa  di  S.  Bruno  have  bem  made  classic  by  their  reproduction 
in  Sir  C.  Lyell's  "  Principles  of  Geology,"  and  in  the  description 
is  stated,  what  appears  to  have  been  overlooked  by  most  of  his 
successors  who  have  proposed  or  accepted  other  explanations,  that 
one  of  the  obelisk-shaped  pillars  was  twisted  from  right  to  left,  and 
the  other  from  left  to  rights  while  the  twisting  is  accepted  as  evidence 
of  the  •  orrtMontak  vorticoto  '*  nature  of  the  shock.  This  explanation, 
the  only  one  prevalent  at  the  time,  remained  unquestioned,  till 
the  pubHcatioB  of  Charles  Darwin's  *•  Naturalist's  Voyage  round  the 
World,"  where  (Chapter  XIV),  after  noticmg  the  effect  of  the  earth- 
quake of  90th  Fehmary,  1835,  in  causing  the  FOtation  of  some  square 
objects  on  the  coping  of  the  Cathedral  walls  at  Concepcion  be  says  :— 
"  This  twisting  displacement  at  Grst  appears  to  indicate  a  vorticose 
movement  beneath  each  poiat  thus  affected  ;  bat  this  is  highly  im- 
probable. "  He  suggests  as  an  explanation  that  it  was  caused  by  a 
tendency  in  each  stone  to  arrange  itself  in  some  particular  position 
with  respect  to  the  lines  of  vibration  in  a  manner  somewhat  similar  to 
pins  on  a  sheet  of  paper  when  shaken. 
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stone  itself  wiH  be  solicited  to  move  in  the  same  direction.  The  measure  of  force 
with  which  the  movement  of  the  base  is  capable  of  affecting  the  stone  or  other  in* 
cum  bent  body  is  equal  to  the  amount  of  friction  of  the  latter  upon  its  base,  a  func- 
tion of  its  wdght,  which,  witho\it  the  ititervention  of  cement,  may  be  from  one- 
fifth  to  one-tenth  of  the  weight  of  the  body,  for  cut  stone  resting  on  cut  stone,  but 
may  be  increased  to  any  amount  by  the  intervention  of  cement.  The  stone,  how- 
ever, is  possessed  of  weight,  and  therefore  of  inertia,  that  is  to  say,  being  at  rest,  its 
whole  mass  cannot  be  instantly  brought  into  motion  by  the  plane  on  which  it 
rests ;  and  if  the  amount  .of  adhesion  between  the  stone  and  its  bed  be  less  than  the 
inertia  due  to  any  given  velocity  of  horizontal  movement  of  the  bed,  the  bed  will 
move  more  or  less  from  under  the  stone,  or  the  stone  will  appear  to  move  in  a  con* 
trary  direction  to  that  of  the  motion  of  its  bed. 

Now  the  inertia  of  the  stone,  which  is  here  the  resisting  force,  may  be  considered 
to  act  at  its  centre  of  gravity.  The  impelling  force  is  the  grasp  of  the  stone  which 
its  bed  holds  of  it  by  friction  or  adhesion,  and  this  may  also  be  referred  to  some  one 
point  in  the  surfaces  of  contact,  which  we  may  call  the  centra  of  adherence. 

If,  then,  a  stone,  or  other  solid,  rest  upon  a  plane  which  is  suddenly  moved 
with  sufficient  velocity  to  produce  motion  in  the  incumbent  body,  three  several 
conditions  of  motion  of  the  body  may  occur,  according  to  the  respective  positions 
of  its  centre  of  gravity  and  of  the  centre  of  adherence  :  — 

(i)  The  centre  of  gravity  of  the  body  may  be  at  such  a  height  above  the  base 
that  it  shall  upset  by  its  own  inertia.  This  is  the  Case  with  houses,  towers,  walls, 
etc.,  etc.,  when  they  fall  by  earthquakes,  accompanied,  however,  by  dislocation  of 
their  paf-ts. 

(2)  The  centre  of  adherence  may  be  in  a  point  of  the  base  plumb  under  the 
centre  of  gravity  of  the  body,  or  in  a  verticai  plane  passing  through  Its  centre  of 
gravity,  and  in  the  direction  of  motion  of  the  base. 

In  this  case  the  stone  will  appear  to  move  in  the  opposite  direction  to  that  in 
which  the  base  has  moved,  that  is  to  say,  the  body  may  have  acquired  more  or 
less  the  direction  of  motion  of  the  base,  according  as  the  motion  of  the  latter  has 
been  of  longer  or  shorter  continuance,  or  less  or  more  rapid  j  but  in  so  far  as  the 
movement  in  opposite  directions  has  taken  place,  the  base  in  reality  has  slipped 
from  under  the  body. 

(3)  The  centre  of  adherence  may  neither  be  plumb  under  the  centre  of  gravity 
of  the  body,  nor  in  the  plane  of  motion  passing  through  its  centre  of  gravity,  but 
in  some  point  of  the  base  outside  the  line  of  its  intersection  by  the  plane  ;  in  which 
case  the  effect  of  the  rectilinear  motion  in  the  plane  of  the  base  will  be  to  twist 
the  body  round  upon  its  bed,  or  to  move  it  laterally,  and  twist  it  at  the  same  time, 
thus  converting  the  rectilinear  into  a  curvilinear  motion  in  space.  The  relative 
amount  of  the  two  compounded  motions  being  dependent  upon  the  velocity  and 
lime  of  movement  of  the  base,  and  upon  the  perpendicular  distance  measured 
horizontally  at  the  surface  of  adherence  between  the  centre  of  adherence  and  the 
centre  of  gravity  of  the  body. 

This  latter  case  is  that  which  appears  to  have  twisted  the  stones  of  Calabria, 
South  America  and  Greece,  and  affords,  as  I  feel  assured,  the  true  explanation  of 
the  phenomenon." 

(  2i3  ) 


ai4 


OLDHAM  :  GREAT  EARTHQUAKE  OF   1897. 


Subsequently,  when  investigating  the  Neapolitan  earthquake  of 
1857,  be  fonnd  that  at  the  CertOBa  de  St.  Lorenzo,  near  Padula,  a 
number  of  pinnacles  had  been  twisted  all  in  the  same  direction,  and 
recognising  the  inapplicability  of  his  former  hypothesis,  proposed  an 
alternative  one,  as  follows  *  :^ 

"  Now  there  are  two  distinct  trains  of  e&rthquake  causation,  by  ather  of  which 
bodies  may  be  twisted  on  their  bases.  First,  by  the  action  of  a  iinglt  shock,  when 
the  centre  of  adherence  of  the  base  of  the  object,  lies  to  one  aide  or  other  of  the 
vertical  plane  passing  throutrh  the  centre  of  gravity,  and  the  line  of  the  wave* 
path.  Second,  by  the  conjoint  action  of  two  eloitly  sueeetiive  shocks.  By  the 
first  shock,  the  body  is  tilted  up  from  its  base,  but  not  overthrown,  so  that  for  a 
lime,  greater  or  less,  it  rests  wholly  upon  one  edge  of  its  base  ;  while  thus  poised 
if  another  shock  bear  upon  it,  in  any  direction  transverse  to  the  first,  it  acts  as 
usual,  at  the  centre  of  gravity  of  the  body,  to  displace  it  by  inertia,  in  the  contrary 
direction  to  the  wave  transit ;  but  the  body  ia  held,  more  or  less,  by  friction  of  the 
fdge  momentarily  in  eontaet  with  its  support,  and  there  only  ;  but  this  edge  roust 
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If  t!ie  observer  look  due  south  at  a  square  pyramid^  for  example,  whose  sides 
Mood  cardinal,  and  it  be  tilted  by  the  first  semiphase  of  a  shock  from  east  to 
west,  the  pyramid  will  tilt  or  rise  upon  the  eastern  edge  of  its  base  ;  and  if,  before 
it  has  had  time  to  fall  back,  it  be  acted  on  by  another  shock  from  north  to  south, 
the  pyramid  will  rotate,  upon  the  bisection  or  on  some  other  point,  of  the  edge 
on  which  it  momentarily  rested,  and  will  hence  come  to  repose,  after  having  twisted 
from  left  to  right,  or  with  the  hands  of  a  watch. 

If  the  tilting  up,  had  been  produced  by  the  second  semiphase,  of  the  same  shock 
from  east  to  west,  then  the  pyramid  would  hav^  risen  upon  the  western  edge  of  its 
base,  and  the  same  direction  (north  to  south)  of  second  shock,  would  have  produced 
rotation  upon  that  edge,  but  in  a  tontrary  direction  to  the  proceeding  or  from  right 
to  left  or  against  the  hands  of  a  watch. 

Again,  if,  on  the  first  supposition,  the  first  semiphase  of  the  east  to  west  shock 
had  tilted  the  pyramid  upon  its  eastern  edge  of  base,  but  the  second  shock  had 
been  from  south  to  north,  in  place  of  the  reverse  as  before,  then  the  rotation  would 
have  been  from  right  to  left ;  and  if  tilted  by  the  second  semiphase  on  the  wgsierts 
edge, the  second  shock,  south  to  north,  would  produce  rotation  left  to  right 

It  would,  therefore,  appear  at  first  impossible,  to  determine  the  direction  of 
motion  in  transit,  of  either  shock,  from  such  an  observation  :  we  can,  howeverp 
generally  discover  upon  which  edge  of  the  base  any  heavy  body  of  stone  or 
masonry  has  tilted,  by  the  abrasion  or  splintering  of  the  arris,  and  the  rotation 
must  have  taken  place  round  some  point  in  that  edge.  If,  therefore,  we  know 
the  direction  of  either  one  of  the  two  shocks,  we  can  always  discover  that  of  the 
other,  by  the  rotation  observed,  and  if  the  time  of  oscillation  of  the  body  be  ascer- 
tainable, we  are  enabled  to  calculate  a  major  limit,  for  the  interval  of  time  that 
must  have  elapsed,  between  the  arrival  at  the  twisted  body  of  the  first  and  of  the 
second  shock,  when  both  the  wave-paths  are  known. 

With  a  single  instance  of  such  twisting,  it  may  be  impossible  to  decide 
whether  the  twist  has  been  due  to  one  shock  (ist  case),  or  to  two  shocks  in  suc- 
cession (2nd  case)  ;  but  when  several  bodies  alike  or  dissimilar,  at  the  same 
h>cality,  are  all  found  twisted  in  one  direction,  it  is  certain  to  have  been  the  work 
of  two  distinct  shocks,  for  it  is  beyond  the  reach  of  probability  that  several 
bodies  should  all  happen  to  have  their  respective  centres  of  adherence,  at  the 
same  side  of  their  respective  centres  of  gravity,  and  unless  they  have,  some  will 
rptate  in  one,  some  in  the  other  direction  by  any  single  shock  ;  rotation  thus  pro- 
duced, being  always  by  the  centre  of  gravity  moving  contrary  to  the  first  or 
second  semiphase  of  the  wave  and  carried  round  the  centre  of  adherence,  by  the 
line  joining  them  as  a  radius  vector ;  the  inertia  of  motion  at  the  centre  of  gravity, 
and  the  resistance  of  the  point  of  rotation  in  the  edge  of  the  base,  or  of  the  centre 
of  adherence,  forming  in  every  case,  the  extremities  of  the  dynamic  couple, '' 

There  remains  one  more  explanation   to  be  mentioned  which^  on 

account  of  its  simplicity,  has  been  very  generally  adopted.     It  is  that 

of   Mr.  Gray  and  contained   in  Professor   J.  Milne's   account  of  the 

Japanese  Earthquake   of  22nd  February,  1880.     After  mentioning  a 
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number  oi  instances  of  tombs  that  had  been  twisted,  he  goes  on  to 
say '  :— 

"Although  fully  recc^niiing  the  sufficiency  oF  two  transverse  shocks  to  produce 
the  effects  which  have  been  observed  in  Vokohama,  I  will  offer  an  explanation  of 
this  phenomenon  which  was  first  saggemd  tome  by  my  colleague  Mr  Gray, 
which  appears  to  be  simpler  than  any  with  which  [  am  acquainted. 

If  any  columnar-like  object,  for  example  a  prism  of  which  the  hasal  section  is 
represented  by  A,  B,  C,  D  (see  fig.  ao]  receives  a  shock  at  right  angles  to  B  C, 
there  win  be  a  tendency  for  the  inertia  of  the  body  to  cause  it  to  overturn  on  the 
edge  B  C.  If  the  shock  were  at  right  angles  to  D  C,  the  tendency  would  be  tt» 
overturn  on  the  edge  D  C,  If  the  shock  were  in  the  direction  of  the  diagonal  C  A, 
the  tendency  would  be  to  overturn  on  the  point  C.  L«  us,  however,  now  suppose 
the  impulse  to  be  in  some  direction  E  G,  where  G  is  the  centre  of  gravity  of  the  body. 
For  simplicity  we  may  imagine  the  overturning  effect  lobe  an  impulse  given  through 
G  in  an  opposite  direction,  that  Is,  in  the  direction  G  £,  This  force  will  tend  to  tip 
or  make  the  body  bear  heavily  on  C,  and  at  the  same  time  to  whirl,  round  C  as  an 
axis,  the  direction  of  turn  being  in  the  direction  of  the  hands  of  a  watch.  If,  how- 
ever, the  direction  of  impulse  had  been  E — G,  then  although  the  turning  would  still 
have  been  round  C,  the  direction  would  have  txen  of^entt  to  that  of  the  haitds  of 


Pig.  10.  DiaKlX"  t°  iHnstnta  Griy's  theory  of  rotattoii. 


ROTATION   OP  PILLARS.  2tJ 

be  &ny  r^volutton.  If  we  divide  our  section  A,  B,  C,  D  up  into  eight  divisions  by 
lines  running  through  these  directions,  we  shall  see  that  any  shock  the  direction 
of  which  passes  through  any  of  the  octants  which  are  shaded,  will  cause  a  positive 
revolution  in  the  body ;  that  is  to  say,  a  revolution  corresponding  in  its  direction 
to  that'of  the  movemen^.s  of  the  hands  of  a  watch;  whilst  if  its  direction  passes 
through  any  of  the  remaining  octants,  the  revolutions  will  be  negative  or  opposite 
to  that  of  the  hands  of  a  watch. 

From  the  direction  in  which  any  given  stone  has  turned,  we  can,  therefore,  give 
two  sets  of  limits  between  one  of  which  the  shock  must  have  come. 

Further,  it  will  be  observed  that  the  tendency  of  the  turning  is  to  bring  a 
stone,  like  the  one  we  are  discussing,  broadside  on  to  the  shock ;  therefore,  if  a 
stone  with  a  rectangular  cross  section  has  turned  suflficienlly  the  direction  of  a 
shock  will  be  parallel  to  one  of  its  faces,  but  if  it  has  not  turned  sufficiently  it  will 
be  more  nearly  parallel  to  its  faces  in  their  new  position  than  it  was  to  its  faces 
when  in  their  original  position. 

If  a  stone  receives  a  shock  nearly  parallel  with  its  diagonal  on  account  of  its 
unstability,  it  may  turn  either  positively  or  negatively. 

Similarly,  if  a  stone  receives  a  shock  parallel  to  one  of  its  faces,  the  twisting  may 
be  either  positive  or  negative,  but  the  probability  is  that  it  would  only  turn  slightly, 
whereas  in  the  former  case,  where  the  shock  was  nearly  parallel  to  a  diagonal, 
the  turning  would  probably  be  great.  " 

We  have  then  four  alternative  hypothesis,  for  the  suggestion  of 
Mr.  Darwin  is  too  vague  and  indefinite  to  rank  as  an  hypothesis  or 
explanation.     These  are:— 

(i)  The  theory  which  is  implied  in  the  term  vorticose,  and 
attributes  the  rotation  to  a  rotary  or  circular  motion 
of  the  ground  during  the  earthquake. 

(2)  Mallet's  theory,  which  attributes  the  rotation  to  the  centre 

of  resistance  and  the  centre  of  gravity  not  being  in  the 
same  vertical  plane  with  the  direction  of  the  wave 
motion,  and  to  the  stone  being  consequently  dragged 
round. 

(3)  Mallet's  second  theory,  which  attributes  the  twisting  to  a 

second  shock,  affecting  the  object  twisted  while  it  is 
tilted  on  one  edge  or  corner  by  the  first.  The  second 
shock  being  oblique  to  the  first,  causes  the  object  to 
rotate  on  the  edge  on  which  it  is  tilted. 

(4)  Gray's  theory,  which  attributes  the  rotation  to  the  centre 
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of  gravity,  and  the  corner  on  which  the  object  is  tilted 
not  being  in  the  same  line  with  the  direction  of  the  shock 
and  to  the  object,  being  consequently  swung  roand  on 
that  angle. 
In  discussing  these  theories  will  it  be  convenient  to  take  them  in 
the  reverse  order  to  that  in  which  they  are  stated  above. 

Commencing  with   Gray's,  it  will  be   noticed  that,   whereas  this 

demands  that  the  rotation  should  be  round  one  of  the  corners   of  the 

^  object  rotated,  a  studyof  the  plans  on  Plate^XXIV-XXVII  will  show 

/'/'■^IV-AlC^Vil  j(,j^j  su^h  was  not  the  case  in  a  single  instance.     Besides  this  it  fails 

to  account  for  one  of  a  number  of  monuments  all  similarly  oriented 

being  rotated  positively  while  all  the  rest  were  turned  negatively.' 

Mallet's  second  theory  could  be  made  to  account  for  these   cases, 

but  it  demands  that  the  rotation  should  be 

round  one  of  the  edges  of  the  surface  at 

which   it  took  place.     Now  every  case  of 

rotation   may  be  explained    by   a   single 

revolution  ronnd   a  fixed  centre,  and  the 

radius  of   the  circle  in  which  the  centre  of 

gravity  may  be  supposed  to  have  revolved, 

in  order  to  bring  it  from  its  old  to  its  new 

position,  is  easily  calculated.  - 

To  determine   this  let  A  and  B,  fig.  31, 

be  the  old  and  new  positions  of  the  centre 

of  gravity.     Then  the  required  centre  must  be  somewhere   on   the 

line   which   bisects  A  B  at   right   angles,  for  it  must  be  equidistant 
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«ach  may  make  an  angle  of  |  with  the  central  Jinc,  and  cut  the 
points  A  and  B,  respectively,  we  have  an  isosceles  triangle,  whose 
apical  angle  is,  and  whose  two  equal  sides  are  radii  of  the  circle  in 
which  the  centre  of  gravity  may  be  assumed  to  have  moved,  to 
enable  it  to  pass  from  its  old  to  its  new  position,  while  turning 
through  the  angle  A  C  B=fl.  If  this  radius  be  represented  by  r,  and 
the  distance  A  B  by  //,  then 

^=--T-sm   - 

2  2 

According  to  Mallet's  theory,  r  should  equal  the  distance  of  the 
centre  of  gravity  from  the  point  or  edge  on  which  the  object  rotated, 
that  is  to  say  it  should  be  equal  to,  or  lie  somewhere  between,  the 
semidiameter  and  semidiagonal,  and  should  not  materially  differ  from 
them  in  excess  or  defect. 

In  applying  this  test  it  will  be  necessary  to  teject  those  cases  where 
the  apparent  shifting  of  the  centre  of  gravity  and  the  angle  of  rotation 
are  both  small.  Neither  can  be  measured  with  very  great  accuracy, 
and  when  either  is  small  a  very  slight  absolute  error  would  be  a  very 
large  one  proportionately,  and  lead  to  great  errors  in  the  result. 
Applying  the  test  to  those  cases  where  it  may  be  expected  to  give  a 
reasonably  accurate  result,  we  have,  in  the  case  of  Inglis'  monument 
at  Chhatak,  ^=27*8  in.,  while  the  semidiameter  is  52  in.  In  the  case 
of  the  monument  No.  2  on  Plate  XXI,  fig.  1,  ^353  in.,  while  the  semi* 
diameter  is  g  in.  In  the  case  of  the  W  pillar  E  gate,  and  the  E  pillar 
W  gate  of  the  telegraph  signallers'  quarters  at  Gauhati  r  s  5  in. 
and  24  in.  respectively,  while  the  semidiameter  is  I2j^  in.  in  both 
cases. 

From  this  it  will  be  seen  that  there  is  no  correspondence  between 
the  calculated  radius  of  revolution  and  that  required  by  the  theory. 

Mallet's  first  theory,  though  undoubtedly  an  explanation,  is  insuffi* 
cient  as  it  does  not  account  for  the  fact  that  a  number  of  similar  objects 
are  similarly  rotated  in  the  same  neighbourhood  ;  nor  does  it  seem 
probable  that  there  would  be  so  great  a  divergence  between  the 
positions  of  the  centre  of  gravity  and  the  centre  of  resistance,  and  what 
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is  more  important,  so  complete  a  check  to  lateral  movement  at  the 
latter,  as  would  account  for  the  observed  rotations  in  many  cases. 

There  remains  but  the  firat  mentioned  explanation,  that  of 
vorticose  metioo,  and  withfegard  to  this  it  seems  that  the  objections 
raised  are  based  on  an  annecessarily  restricted  interpretation  of  the 
term.  It  has  been  supposed  necessarily  to  imply  a  rotation  round  an 
asisi  by  which  a  similar  rotary  or  top  like  movement  is  given  to  the 
objects  rotated. 

This  is  evident  in  Darwin's  objection  to  the  theory,  and  is  even 
more  forcibly  put  by  Mallet,  who  wrote  *  :— 

"  The  sagacity  of  Darwin  showed  him  that  the  vorticose  hypothesis  was  im- 
prt)bable,aiKl  thatinordertoitabein^at  all  tenable,  a  separate  vertex  must  be  ' 
admitted  tar  every  separate  stone  found  twisted,  the  axis  of  rotation  of  ih«  vortex 
having  been  coincident  tvith  that  of  the  atone.  Begidei  this  paramount  improba* 
bility,  therefore,  a  little  further  reflection  would  have  led  either  LyelE  or  Darwin  to 
•btimatethe  inconcrivable  angular  velocity  of  motion  at  the  extremity  of  the 
radius  of  one  of  these  vorticf,  even  if  assumed  at  no  more  than  a  few  hundred 
feet,  necessary  in  order  that  ils  velocity  within  a  few  inches  of  the  centre  should 
be  so  great  as  to  wrench  o«t  of  its  mortared  bed,  and  twist  a  block  of  masonry 
by  merely  iuown  inertia." 

Here  we  have  the  assumption  that  what  is  called  vorticose 
motion  must  necessarily  be  a  twisting  round  an  axis,  and  the 
absurdity  to  which  it  leads,  both  clearly  expressed. 

But  though,  interpreted  in  this  way,  the  term  vorticose  leads  to  an 
untenable  hypothesis  it  must  not  be  forgotten  that,  while  popular 
interpretations  of  natural  phenomena  are  frequently  incorrect,  they 
almost  invariably   represent   a  real   substratum   of   fact.     That   the 
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particle  in  a  more  or  less  circular  course.  Here  there  would  be  no 
angular  rotation,  but  over  a  larger  or  smaller  area  the  whole  ground 
would  be  caused  to  move  in  small  circles,  and  a  pillar  or  similar  object 
fractured  from  its  base,  would  be  caused  to  tilt  and  roll  round  on  its 
edge  and  so  rotate  with  regard  to  its  original  position. 

It  does  not  seem,  however,  that  the  term  *  vorticose'  is  necessa- 
rily restricted  to  so  simple  a  form  of  movement  as  this,  for  I 
find  in  Mr.  Mallet's  account  of  the  Neapolitan  earthquake  a  state- 
ment that  the  Syndic  of  Padula,  was  of  opinion  that  the  shock  was 
*  vorticose  '  or  at  least  in  various  directions  transverse  to  the  main 
one  and  so  close  together  in  time  that  it  was  impossible  to  regard  the 
earthquake  as  other  than  a  prolonged  and  irregular  succession  of 
oscillations,  lasting  several  seconds.^  From  this  it  is  evident  that  the 
term  vorticose  is  applied  to  shocks  in  which  no  definite  direction  of 
movement  can  be  noticed,  but  where  the  apparent  direction  seems 
to  vary  or  revolve.  This  interpretation  finds  its  explanation  In 
the  diagrams  of  the  seismographs  which  have  been  invented  and 
taken  into  use  in  Japan. 


Fig.  22.     Diagram  of  vorticose  motion. 

To  take   the  simplest  case   first,   suppose  the  movement  of  the 
wave  particle  to  be  circular,  neglecting  for  the  moment  any    move- 

1  Great  Neapolitan  Earthquake,  1857,  I,  p.  368. 

(  aa»  ) 


322       -  OLDHAM  :  GREAT  EARTHQUAKE  OF   1897. 

ment  there  may  be  in  a  vertical  direction.  In  fig.  22  let  the  outer 
circle  represent  the  ground  plan  of  a  cylindrical  columo,  and  the 
inner  circle  the  path  of  the  wave  particle,  that  is  to  say,  the  track  of 
a  point  on  the  ground,  all  other  points  in  the  neighbourhood  describ- 
ing similar  circles.  At  N  the  movement  of  the  ground  is  eastwards, 
causing  the  column  to  tilt  up  on  its  western  edge  ;  when  the  base 
motion  has  progressed  so  that  the  particle  at  N  has  reached  E,  its 
motion  is  southwards  and  the  column  will  be  tilted  on  to  its  northern 
edge.  But  it  had  been  tilted  up  on  its  western  edge,  consequently  in 
being  thrown  on  to  its  northern  it  will  be  revolved  slightly  in  a 
negative  direction.  So  when  the  point  N  has  reached  S,  the  move- 
ment will  be  west  and  the  column  tilted  on  to  its  eastern  edge  and 
again  rev«lved  slightly  in  a  negative  direction,  and  so  on.  For 
simplicity  of  treatment  an  abrupt  change  of  motion  from  east  to  south 
and  from  south  to  west  has  been  supposed,  but  the  effect  of  a 
gradual  change  would  be  the  same,  a  continual  tendency  to  alter  the 
point  on  Which  the  column  was  tilted  and  to  cause  it  to  rotate  in  the 
opposite  direction  to  the  course  of  the  wave  particle. 

It  is  also  to  be  noticed  that  the  centre  of  the  column  will  de- 
scribe a  spiral  line  round  its  ori^nal  position,  as  each  change  of  tilt 
will  carry  it  a  little  further  out,  but  its  final  position  wilt  be  closer 
to  its  original  one  than  would  be  the  case,  had  the  same  amount 
of  twisting  taken  place  by  a  single  tilt  on  one  edge,  and  a  si- 
multaneous sidelong  displacement.  In  other  words  the  virtual 
radius  of    revolution    would    be    less    than      the  semidiameter ; 


ROTATION  OF  PILLARS.  923 

give  it  a  slight  positive  rotation.    As  800ii|  however,  as  the  direction 


Fig.  93.    Diagram  of  rotation  by  vorticose  motion, 

of  the  movement  changes  and  the  particle  begins  to  return  from  a  to 
3,  a  much  more  powerful  tendency  to  rotate  the  column  in  a  negative 
direction  round  i  will  be  set  up,  and  the  column  at  the  same  time 
tilted  over  on  its  edge  towards  2.  The  same  thing  will  happen  when 
the  particle  returns  from  3  towards  4  and  so  on,  each  successive  tilt 
being  accompanied  by  a  further  twist  in  a  negative  direction.  As 
before,  the  distance  of  the  centre  of  the  column  from  its  original 
position  will  be  less  than  it  bad  there  been  merely  a  single  tilt  and 
twist* 

Of  these  two  explanations  the  latter  seems  more  in  conformity 
with  the  facts  observed  than  the  former.  The  first  would  require 
that  the  crushing  of  the  edges  should  be  tolerably  uniform  all  round, 

• 

1  This  chapter  was  written  and  set  up  10  type  before  I  was  aware  of  a  paper  by  Mr.  C 
Davison  on  the  theory  of  vorticose  earthquake  shocks  (Geol.  Mag.*  dec  a,  IX,  257—366, 188a), 
which  would  otherwise  have  been  referred  to  in  the  text.  He  explains  the  vorticoae  shock 
much  in  the  same  way  as  that  adopted  in  the  text^  i^,  as  a  movement  to  and  fro  in  a  gradually 
changing  direction,  and  points  out  how  such  must  necessarily  result  with  a  focus  of  any  iis^  10 
the  neighbourhood  o!  the  epicentre,  from  the  fact  that  the  impulses  reaching  a  spot  at  snccef 
sive  intervals  of  time  come  from  different  parts  of  the  focus  and  hence  from  different  directiona. 
The  manner  in  which  such  a  form  of  movement  leads  to  the  rotation  of  solid  objects  is  not 
discussed,  but  it  is  held  (p.  264)  that  the  objection  to  the  vorticose  theory  urged  Mr.  Darwin  (is 
1839)  that  under  every  object  so  turned  there  must  have  been  a  separate  vorticose  movemcot, 
loses  its  force  on  the  view  there  presented.  It  is  evident,  however,  from  the  extracts  quoted 
in  this  chapter  that  the  vorticcse  motion,  as  understood  by  Darwin  and  Mallet,  was  something 
very  different  to  that  whose  possibility  has  been  demonstrated  by  Mr.  Davison,  whose  existsnce 
has  been  proved  by  the  researches  of  Prof*  Milne  and  others  in  Japan,  and  whose  actuality  is 
adopted  in  this  iremoir  as  a  satisfactory  means  of  explaining  the  rotation  of  objects  by  so 
earthquake, 
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while  it  was  noticeable  that  this  was  not  the  case.  Ab  a  rule,  only 
certain  parts  showed  signs  of  crushing,  while  others  were  left  sharp- 
edged  and  intact.  This  might,  of  course,  be  due  to  unequal  powers 
of  resistance  of  different  parts  of  the  borders  of  the  plane  of  fracture 
and  twisting,  but  is  more  probably  due  to  differences  in  the  pressure 
brought  to  bear  od  them. 

In  the  foregoing  passages  I  have,  for  simplicity's  sake,  assumed 
a  circular  section  of  the  column  twisted,  but  the  explanation  is 
equally  applicable  to  objects  of  square  or  angular  section.  In  this 
case  the  first  tilt  would  necessarily  be  on  one  side  or  one  angle, 
and  Gray's  principle  would  come  into  play,  but  all  succeeding  tilts 
would  take  place  along  one  of  the  sides  of  the  lower  part  of  the 
column,  or  at  ooe  of  the  points  of  intersection  of  the  sides  of  the 
lower  and  upper  portion,  after  the  former  had  been  twisted  from  its 
original  position.  Id  this  way  may  be  explained  the  fact  that 
■omo  of  the  comers  show  quite  clear  cut  and  uncnished  fractures, 
while  on  the  sides  close  by  there  may  be  very  palpable  signs. 
of  the  effect  of  great  pressure. 

It  may  be  noticed  that  the  explanation  which  has  been  proposed 
Is  but  an  amplification  of  Mallet's  second  explanation.  Instead  of 
only  two  shoclcB  it  postulates  a  series  of  successive  shocks  in  sue* 
ceifllvely  varying  directions,  and  by  regarding  the  rotation  as  due, 
not  to  a  single  twist  round  a  single  centre,  but  to  the  accumulated 
eflflct  of  a  succeiiaion  of  small  twists  round  a  succession  of  different 
centres,  it  allows  a  considerable  rotation  to  be  accompanied  by  a 


ROTATION  OP  PILLARS.        ^  ^35 

bl  this :  one  of  the  two  pillars  at  Inglis  bungalow,  Cb^rrapunji,  and  a 
more  striking  one  in  the  old  cemetery  at  Gauhati.  In  both  these 
cases  it  is  to  be  noticed  that  the  height  of  the  centre  of  gravity  of 
the  displaced  portion  above  the  plane  of  fracture  is  smaller  in  the 
case  of  one  direction  of  rotation  than  of  the  other. 

NoW|  in  the  explanation  it  was  assumed  that  the  column  once 
tilted  on  to  i  would  remain  so  till  the  motion  of  the  wave  particle 
ceased  at  2^  and  the  return  movement  from  2  to  3  set  in.  This 
would  generally  be  the  case,  but  the  smaller  the  height  of  the 
displaced  portion,  the  more  quickly  will  it  recover  its  position 
of  stabilify^  and  the  less  easily  will  it  be  displaced,  for  the  same 
section  of  base.  As  a  consequence  there  comes  a  stage  at 
which,  as  the  height  of  the  displaced  pari  diminishes,  it  will  only 
be  tilted  as  the  wave  particle  attains  its  maximum  acceleration,  which 
may  be  put  at  about  one*quarter  of  its  path  from  i  to  2.  Before 
the  wave  particle  has  reached  2,  the  displaced  part  will  have  fallen 
down  into  its  base  again,  retaining  what  positive  rotation  it  may  have 
acquired  owing  to  the  gradual  change  of  direction  of  the  path  of  the 
Wave  patticle,  or  to  the  direction  of  this  with  regard  to  the  diagonals 
of  the  rotated  portion  and  by  a  repetition  of  this  process  Acquire  a 
gradually  increasing  Angular  displacement  in  a  positive  direction. 

But  there  would  almost  certainly  be  more  than  this.  Instead  of 
merely  falling  into  its  base  the  displaced  part  would  probably  be 
tilted  up,  by  its  momentum,  in  the  direction  of  2,  or  of  somewhat 
towards  5  from  2,  before  the  wave  particle  reached  2.  It  would  theil 
be  subjected  to  a  displacement  due  to  the  movement  from  2  to  3, 
that  is  to  say,  it  would  be  rotated  in  a  positive  direction,  or  the 
opposite  to  that  which  would  be  impressed  on  it  if  it  had  been  tilted 
towards  i  while  being  acted  on  by  the  movement  from  2  to  3. 

From  this  we  see  that  the  direction  in  which  the  displaced  part 
will  be  rotated  depends  not  only  on  the  relation  between  the  width 
of,  and  the  height  of  its  centre  of  gravity  from,  its  base,  but  jeJsq 
on  its  absolute  dimensions.  In  other  words,  it  depends  on  the  quick* 
ness  of  recovery  of  the  displaced   portion   when   tilted.     It  has   not 
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been  possible,  for  want  of  a  sufficient  number  of  suitable  objects,  to 
fully  test  this  hypothesis,  bat  the  cases  of  the  Gauhati  old  cemetery 
and  of  the  two  pillars  at  CherrapUDJi  are  eiplicable  by  this,  and 
by  none  of  the  other  hypotheses. 

We  have  consequently  an  hypothesis  which  explains— 

CO  Why  a  number  of  similarly  oriented  neighbouring  objects  are 
generally  twisted  in  the  same  direction. 

(2}  Why  in  certain  cases  we  may  have  an  object  twisted  in  one 
direction,  while  others  similarly  oriented  but  of  different  proportions 
are  twisted  in  the  opposite  direction. 

(3)  Why  the  displacement  of  the  centre  of  the  displaced  portion 
from  its  original  position  indicates  a  centre  of  revolution  which  does 
not  coincide  with  the  outer  edge  of  the  surface  of  displacement. 

It  explains,  in  short,  all  the  observed  facts,  while  it  involves  nothing 
which  is  inconsistent  with  them.  We  may  take  it,  then,  that  the  rotation 
of  objects  is  the  consequent  of  a  rotary  movement  of  the  ground,  which 
may  take  the  form  of  either  a  more  or  less  circular  path  of  the  wave 
particle,  or  a  succession  of  backward  and  forward  movements,  each  of 
which  takes  place  in  a  fresh  direction  different  to  the  previous  one. 

Other  explanations  are  not,  however,  excluded  by  this.  Gray's  is 
indubitably  a  possible  cause  of  twisting,  while  the  statement  of  Micbele 
Sarconi,  that  of  the  two  simijar  pillars  at  either  end  of  the  facade 
of  the  Certosa  di  S.  Bruno  one  was  turned  from  right  to  left  and  the 
other  from  left  to  right*,  points  to  the  conclusion  that  Mallet's  first  the 
explanation  is  good  in   some   cases.     All  that  can  be  claimed  is  that 
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Chapter  XV.— THE  UNFELT  EARTHQUAKE. 

Beyoad  the  limits  of  the  area  over  which  the  earthquake  was  re» 
cognised  without  instrumental  aid^  its  effects  were  impressed  on  the 
records  not  only  of  instruments  which  have  been  set  up  for  the  special 
purpose  of  detecting  the  imperceptible  tremors  and  undulations  which 
traverse  more  or  less  the  whole  of  the  earth,  after  great  earthquakes^ 
but  also  on  those  of  self-recording  magnetic  and  electric  instruments.- 
After  the  earthquake  every  endeavour  was  made  to  obtain  as 
complete  a  set  of  these  records  as  possible,  and  I  have  to  acknowledge 
the  readiness  with  which  information  was  rendered,  and  even 
photographs  and  laborious  tracings  of  the  records,  made  and  sent.^ 

The  unfelt  disturbances  due  to  distant  earthquakes  are  commonly 
referred  to  as  microseismic,  but  the  term  is  hardly  applicable  to 
undulations  which,  in  the  case  of  this  earthquake,  had  a  length 
of  34  miles  and  caused  the  ground  to  rise  and  fall  20  inches**  Instead  of 
microseismic  I  would  introduce  the  term  cryptoseismic  as  more 
suitable ;  it  implies  nothing  except  that  the  movement  is  not  obviousi. 
and  18  useful  to  distinguish  between  the  onfelt!movement8  due  to  a 
distant  earthquake,  and  the  movements  due  to  an  earthquake  of  so 
small  an  order  of  magnitude  that  it  never  becomes  sensiblei  except 
to  very  delicate  instruments  ;  to  these  the  term  microseismic  might 
well  be  restricted. 

The  records  vary  much  in  value  according  to  the  nature  of  the 
instruments  employed.   In  many  cases  these  were  in  reality  too  deli- 

1  A  very  detailed  account  of  the  records  of  this  earthquake,  obtained  10  Europe,  hat  bees 
compiled  by  Dr.  G.  Agamennone  and  published  in  the  Boll.  Soc.Sismol.  Ital.,  llUptii,  pp.  34O 
— a93.  In  this  details  are  given  of  some  records  which  I  was  unable  to  obtain.  The  teeomil 
of  those  referred  to  is  also  more  detailed  and  lengthy  than  that  printed  in  this  cfaaplv'. 
In  some  instances  the  times  diBer  slightly  but  no  alteration  has  been  made  in  those  prtotadt 
which  are  the  times  as  originally  communicated  to  me,  as  the  changes  were  too  slight  to  joitify 
the  labour  of  recalculation.  For  the  same  reason  the  details  regarding  records  at  itatioas 
from  which  I  had  not  previously  obtained  information  have  not  been  incorporated  in  tbsr 
chapter,  with  a  few  exceptions  specifically  referred  to. 

'  These  figures  are  taken  from  Prof.  Agamennone,  Boll.  Soc.  Sismol.  Ital.,  IV,  pt.  i,  S6  (iSgi)* 
They  are  intended  to  apply  specially  to  Italy  but  are  equally  troelfor  the  whole  of  Enfopt. 
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cate,  and,  under  the  influence  of  so  exceptionally  great  a  disturbance 
as  was  set  up  by  this  earthquake,  the  record  of  all  but  the  beginning 
and  end  was  lost.  In  other  cases  the  rate  of  travel  of  the  recording 
surface  was  bo  alow  that  the  time  cannot  be  accurately  determined. 
From  the  magnetic  observatories  the  replies  were  mostly  negative, 
and  in  other  cases  the  disturbance  was  of  such  a  nature  as  to  preclude 
the  possibility  of  exact  time  determinations.  In  the  following  pages 
it  has  not  been  considered  necessary  to  refer  to  these  cases,  and  only 
those  records  which  have  given  tolerably  trustworthy  determinations 
of  time  are  referred  to.  The  times  as  given  in  the  original  record 
have  in  every  case  been  converted  into  Greenwich  mean  time. 

The  records  of  the  cryptoseismic  disturbance  fall  naturally  into  two 
classes,— those  of  instruments  specially  and  solely  intended  to  record 
disturbances  of  the  ground,  and  those  of  magnetic  or  electric  instru- 
ments, not  intended  to  record  movements  of  the  ground  on  which 
they  are  set  up,  though  giving  evidence  of  earth  movements  by  an 
irregularity  or  break  in  their  record.  Foremost  among  those  of  the 
first  class  I  must  place  the  valuable  series  of  records  for  which  I  am 
indebted  to  Prof.  Grablowitz,  and  not  only  for  the  records  but 
also  for  a  discussion  and  comparison  of  them,  from  which  the  nature 
of  the  series  of  disturbances  is  clearly  deduced. 

Proceeding  in  the  first  place  to  the  description  of  the  facts  re- 
corded,  I  shall  afterwards  discuss  their  meaning  and  interpretation. 

Casatnicciola  (Ischia)- — I  am  indebted  to  Prof.  G.  Grablowitz, 
Director  of  the  welt  equipped  geodynamic  observatory  at  Casa- 
Tlicciola,  tor  a  most    interesting  account  of  the  effects  of  the  earth- 
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(3)  Conirists  of  a  pendulam  of  im.  length  and  &  weight  of  lokgm.  It  is  in- 
tended to  register  sensible  earthquake,  and  the  record«  which  is  started  by  (i),  only 
lasts  for>3ne  minute. 

(4}  A  simiar  instrument,  but  with  a  weight  of  20  kgm.  and  a  continuous  record. 
The  recording  surface  moves  at  the  rate  of  10  cm.  per  hour,  and  on  it,  besides  the* 
record  of  this  instrument,  the  time  at  which  (i)  closes  circuit  is  also  marked. 

(5)  A  pair  of  delicate  spirit  levels,  set  N-S  and  B«W,  which  are  directly 
observed  by  eye. 

(6>  A  spiral  spring  of  7m.  length  supporting  a  weight  of  150  grammes. 

(7)  Self-registering  geodynamic  levels.  These  consist  each  of  a  pair  of  cylin- 
drical receptacles  30  cm.  diameter  and  25  cm.  high,  connected  by  a  tube  some  a  m^ 
long  and  15  cm.  diameter.  There  are  two,  set  N-S  and  E-W,  and  the  movement 
of  the  water  surface  is  recorded,  with  an  amplification  of  50  times,  on  a  surface 
moving  ix  mm.  per  hour.  ^ 

(8)  A  pair  of  horizontal  pendula,  with  weight  of  12  kg.  recording  their  move- 
ments with  an  amplification  of  i  to  8  on  a  smoked  paper  moving  at  the  rate  of 
30  cm.  per  hour.  The  period  of  vibration  of  the  N-S  pendulum  was  I3'5s.,  and  of 
the  E-W  one  i3*os.,  on  the  12th  June. 

(9)  A  similar  but  improved  instrument  with  three  pendula  of  a  weight  of  3kg^ 
oriented  at  60°  to  each  other. 

Of  these  instruments  Nos.  i  to  6  are  set  up  at  the  Grade  Sentinella,  Casamio- 
cola,  and  7  to  9  at  the  Port  of  Ischia. 

AH  these  instruments  acted  on  the  12th  June.  No.  (i)  gave  the 
alarm  at  iih.  igm.  35.  Greenwich  mean  time. 

No.  (a)  shows  a  sudden  commencement  of  rapid  oscillations  at  iih. 
17m.  138.,  which  give  place  to  slow  oscillations  of  a  complete  period 
of  about  dos.  at  iih.  42m.  338*  These  attain  their  maximum  at 
about  lib.  4701.,  whilst  for  a  couple  of  hours  the  diagram  sh6ws  a 
much  smaller  but  continuous  movement.. 

It  may  be  noticed  that  both  the  first  rapid  oscillations  and  the 
subsequent  slower  ones  show  a  considerably  greater  amplitude  in 
the  E-W  component  than  in  the  N-S  ;  specially  so  in  the  case  of  the 
former.  On  the  copy  of  the  diagram  of  this  instrument^  for  which  I 
am  indebted  to  Prof.  Grablowitz,  I  find  that  the  E-W  component 
is  three  times  the  N-S  in  the  case  of  the  first,  and  one  and  a  half 
times  in  the  case  of  the  second. 

The  record  of  (3)  is  of  little  interest  as  it  is  limited  to  a  period  of 

one  minute  only.     No.  (4)  shows  a  slight  thickening  of  the  line  of  the 

E-W  component  for  a  few  minutes,  but  there  are  records  of  repeated 

closures  of  the  circuit  by  (i)  for  nearly  an  hour. 
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The  iDStrument  {5]  was  obserred  immediately  after  the  souoding 
of  the  alarm.  The  E-W  level  was  specially  disturbed  and  was  leaking 
oscillatioDS  of  not  less  than  1'  oE  arc  during  the  first  phase. 
The  movement  had  almost  ceased  when,  at  iih.  4am,  the  oscillations 
became  considerable,  reaching,  at  i  ih.  47m.,  an  excursion  of  4*3'  of 
arc  from  E  to  W,  and  3*0'  from  N  to  S,  with  a  complete  period  of 
15s.  to  aos.  After  i2h.  the  oscillations  diminished  and  at  13  h.  ao  m. 
there  was  only  a  movement  of  about  o'3*'  on  each  level. 

The  spring  (6)  showed,  after  ii]b.,  vertical  oscillations  of  not 
more  than  2  mm. 

Fairly  satisfactory  diagrams  were  obtained  from  (7)  and  (9), 
considering  the  slowness  of  travel  of  the  record. 

No.  (8)  gave  by  far  the  clearest  and  most  prolonged  diagram,  for 
as  late  as  32b.  there  were  still  oscillations,  showing  that  the  earth  only 
came  to  rest  after  eleven  hours  ;  it  is  probable  that  these  were  the 
effect  of  later  shocks,  registered  by  this,  but  not  by  the  other 
instruments. 

From  the  combination  of  these  records,  and  especially  those  of 
^3)  and  (8)  we  may  obtain  with  certainty  the  following  results  :— • 

H.       M.       S. 

Commencement  of  the  rapid  vibrations 
Maximum  of  ditto 

Comniencement  of  the  slower  movCinent ' 
Commencement  of  large  undulationi 
Maximum  of  the  same  ,         .         . 

DMrease  of  the  same    .         .       *. 
End  of  phase  of  senuble  movement        . 
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U  well  as  the  various  instrumental  amplifications,  the  results  are 
such  as  to  lead  to  the  conclusion  that  the  problem  of  the  seismic 
motion  requires  a  different  solution  in  each  case. 

In  the  first  phase  the  measured  amplitude,  after  allowing  for  the 
respective  instrumental  amplifications,  is  as  follows  :— > 


' — ■       ■     ' 

Ramd  movement 
OF  IIH.  19M. 

Slow  movement 
OP  I1H.47M« 

E— W. 

N— S. 

Res. 

E-W. 

N— S. 

Rds. 

mm. 

mm. 

mm. 

mm. 

mm. 

mra* 

(ft)  Vasca  sismica     .... 

o'ao 

0*05 

0'2I 

0*038 

0*027 

0*047 

(3)  Seismometoeraph 

O'lO 

o'oo 

0*10 

0*040 

0*000 

0*040 

(5)  Spirit  levels         •        •        .        • 

roo 

7 

• 

20 

9-0 

6-0 

iro 

(7)  Water  levels        .... 

0*040 

o'oi4 

0*042 

0*010 

0*000 

0*010 

(8)  Horizontal  pendula 

0*19 

0'12 

0*23 

5*50 

2*85 

6'ao 

These  linear  amplitudes  may  be  converted  into  angular  values, 
on  the  basis  of  the  equivalent  lengths  of  a  single  pendulum  to  whi<;)i 
the  instruments  correspond,  which  is  given  in  the  first  column  of  the 
table  printed  below. 


Equivalent 

length  of 

pendulum. 

Angular  values. 

iih.  19m. 

1111.47m. 

Metres. 

If 

» 

U) 

075 

578 

130 

(3) 

TOO 

20'8 

8*3 

(5) 

412*00 

1*0 

S'^ 

(7) 

rio 

7-9 

2"  I 

rE.  W. 

4»7 

10 

27'J 

(8) 

)n.s 

45-2 

o*6 

13-0 

(Resultant        .... 

ri 

301 
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Of  tlie  two  modes  of  interpreting  the  records  of  the  first  phase,- 
that  of  regarding  them  as  representing  angular  movements  presents 
enormous  differences  between  the  results  obtained  from  the  different 
instruments,  while,  if  they  are  regarded  as  representing  linear  dis- 
placements, they  merely  exhibit  differences  explicable  by  the  varying 
natural  and  mechanical  sensitiveness  of  the  instruments.  On  the 
other  hand,  the  measures  of  the  second  phase  present  very  great 
dilferences  of  linear,  but  not  so  great  of  the  angular  values,  in 
which  they  follow  an  evident  law,  that  the  values  are  higher  as  the 
instrument  from  which  they  are  derived  is  mechanically  freer  from 
friction  or  resistance. 

The  interpretation  of  this  may  be  that  the  earlier  disturbances 
are,  at  any  rate  largely,  the  effect  of  inertia,  due  to  horizontal  move- 
ment (condensational  waves),  while,  those  at  the  later  period  were 
due  principally  to  an  actual  tilting  of  the  surface,  consequent  on 
movement  of  the  nature  of  an  undulation  (distortional  waves).' 

As  a  consequence,  Prof.  Grablowitz  considers  that  the  maximum 
inclination  of  the  surface  at  Ischia  was  2*",  that  registered  by  the  water 
leyel,  the  only  instrument  in  which  adhesion  to  the  sides  could  com- 
pletely, or  nearly  so,  extinguish  the  disturbance  of  the  horizontality 
of  the  surface  of  the  liquid  by  waves  of  such  period,  and  the  effects 
of  inertia  felt  by  other  instruments  ;  while  the  excess  observed  on 
the  other  instruments,  even  in  the  spirit  levels,  is  probably  to  be 
ascribed  to  inertia  consequent  on  horizontal  displacement.  The 
oscillation  of  the  spiral  spring  as  observed    seems   to  be    sufficiently 
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Other  observations.  The  two  important  points  are  (i)  the  sudden 
commencement  ot  the  nearly  horizontal  movements  of  short  period, 
and  their  subsequent  gradual  dying  out,  and  (2)  the  gradual  coming 
in  of  the  slower  movements  accompanied  by  an  actual  tilting  of  the 
surface,  in  which  the  horizontal  was  combined  with  vertical  motion. 
These  increase  to  a  maximum  and  then  diminish  again,  but  continue 
for  about  an  hour  and  a  half.  As  will  be  seen  when  the  records  as  a 
whole  come  to  be  discussed,  Prof.  Grablowitz's  second  is  really  a 
third  phase,  as  there  is  another  recognisable,  intermediate  in  time, 
between  the  two  discussed  by  him. 

Rome-— R.  Osservatorio  Geodinamico  di  Rocca  di  Papa.— 
I  am  indebted  to  Dr.  Cancani  for  photographs  of  the  records 
obtained  in  this  observatory  from  (i]  a  horizontal  pendulum  instrii< 
ment  of  which  the  N-S  pendulum  has  a  period  of  14s,  and  the  E-W 
of  12s. ;  and  (2)  of  a  simple  pendulum  of  15  metres  length  and  a 
bob  weighing  350  kilogrammes. 

The  photograph  of  the  trace  of  the  vertical  pendulum  does  not 
cont^n  the  commencement  or  the  end  of  the  disturbance.  Slower 
undulations  with  an  increased  amplitude,  marking  the  advent  of  the 
second  phase,  commence  about  iih.  25m.  58s.  and  the  long  undula> 
tions  at  iih.  41m.  50s.,  attaining  their  maximum  at  ith.  47  m.  8s, 
As  at  Ischia,  the  largest  movement  is  in  the  E-W  direction. 

A  copy  of  the  diagram  of  the  horizontal  pendula  is  reproduced  on 
Plate  XLI.  From  this  it  will  be  seen  that  the  commencement  of  the 
disturbance  is  very  distinct  00  the  E-W  component  at  uh.  17m.  408. 
The  pen  of  the  N-S  component  was  not  writing  properly  and  its 
trace  is  very  faint  till  iih.  ajm.  51s.,  when  the  line  becomes  distinct 
once  more  ;  in  spite  of  the  taintness  of  the  trace  the  commencement' 
of  the  disturbance  can  be  recognised.  The  second  phase  is  not 
well  marked  by  this  instrument,  but  its  commencement  can  be  recog- 
nised by  an  increase  of  amplitude  and  more  open  character  of  the 
waves  at  iih.  25m.  54s.  The  great  undulations  arc  very  conspicuou« 
on  this    diagram,  commencing  at  iih.  41m.  40s.  and   attaining  their 
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maximum  on  the  N-S  pendulum  at  i  th,  4710  8s.  The  maximum  on  lh« 
E>W  component  is  somewbat  later,  but  tbe  maximum  of  the  resultant 
of  the  two  coincides  very  closely  with  that  on  the  N-5  component. 
The  traco  continues  disturbed  till  I4h. 

Rome.— Uffido  centrale  di  Meteorology  e  di  Geodlnatnlca.— 

A  very  detailed  account  of  the  records  obtained  at  this  observatory 
is  published  in  the  Boll,  Soc.  Sismol.  Ital.,  Ill,  pt.  u,  pp.  353-3S7, 
from  which  the  following  has  been  abstracted  :— 

Sismometograff  medio  (8m.,  100  kg.,  amplification  10  times)— 
Commencement  abrupt  at  iih.  17m.  5S.  +  5S.,  maximum  displacement 
a-5  mm.  NW-SE,  3*0  mm.  NE-SW  j  reanltant  nearly  E-W,  After 
coming  to  rest  tbe  disturbance  due  to  the  lecond  phase  commenced 
between  iih.  24m.  and  iih.  24m.  aoa.,  the  maximum  displacement 
being  3  mm.  shortly  after  the  latter  time.  The  great  undulations 
began  at  lib.  43m,  30s.  and  reached  their  maximum  of  lomm.  at  iih, 
47m,  30s.     The  disturbance  ended  at  lah,  ^m, 

Sismomeiogre/o  grande  (16m.,  200kg,  amplification  12  times). — 
Commencement  at  lib.  17m.  3o.±  59>,  maximum  of  first  phase  5mm. 
at  lib.  3ora.  209.,  decreasing  to  almost  extinction.  The  second 
phase  commenced  at  t  ih.  35m.  303.  reaching  a  maximum  at  lah, 
28m.  158.  on  the  NE-SW  component  and  at  iih.  27m.  308.  on 
the  NW-SE.  The  great  undulations  commenced  at  ith.  43m.  8s. 
and  reached  their  maximum  at  tih.  46m.  588.  or  shortly  after. 

Padua*— In  the  University  of  Padua  two  microseismographs' have 
been  set  np  by  Prof.  Vicentini ;  one  a  simple  pendulum  of  1*5  metres 
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lib.  16m.  47a.  G.  M.  T.,  and  have  a  maximum  between  i  tb.  22m.  and 
lib.  34'5m.  The  second  phase  commences  at  11  h.  36*75  "*•  ^^^ 
reaches  a  maximum  at  iih.  28'25m.  Dr.  Baratta  points  out  that 
after  iih.  35m.  there  is  a  marked  change  in  the  character  of  tbe 
curve,  and  instead  of  tbe  oscillations  of  the  pendulum  being  made 
evenly-on  either  side  of  a  central  line,  they  are  made  on  either  tide 
of  a  sinuous  line  such  as  would  be  due  to  a  slow  tilting  of  the  whole 
instrument  baclcwards  and  forwards.  The  well  marked  slow  undu- 
lations set  in  at  about  tih.  43m.  303.  and  attain  their  maximum 
at  lib.  47m.  tos.  The  disturbance  continued  till  i3h.  30m.  G.  M.  T. 
The  long  pendulum  of  10  metres  gave  a  diagram  showing  the 
commencement  of  the  disturbance  atiih,  17m.  and  its  cessatioB 
at  about  15b.  G.  M.  T.  The  greater  duration  of  tbe  .disturbance 
on  this  instrument  is  due  to  its  greater  sensitiveness. 

The  horizontal  displacement  of  the  pendulum  bob  during  tbe  first 
phase  amounts  to  as  much  as  '5  mm,,  and  between  1  ih.  37  and  i  ih,  33m. 
the  maximum  displacement  attained  is  '47mm.,  or  nearly  as  much, 
Tbe  displacement  at  iih.  47m.,  if  wbolely  doe  to  tilting  of  the 
iostroment|  shows  a  tilt  of  33*  of  arc  from  tbe  verticskl. 

Cataala.— I  have  received  from  Prof.  A.  Rteco,  Directoe  of  tkt 
Royal  Obaerratory,  three  copies  pt  the  records  ol  his  two  sekne- 
graphs ;  one  of  these  only  gives  a  record  of  one  minute  duration  imd 
the  diagram  is  consequently  not  of  great  interest.  Tbe  other  hu  Ik- 
continuous  record ;  it  is,  like  most  of  the  Italtas  instruroenti,  a 
simple  pendulum,  of  35*30  metres  length  and  soo  kg.  weight,  wboM 
movement  is  minified  13*5  times  and  recorded  on  a  paper  moving 
at  tbe  rate  of  0*6  metres  perbour*  Tbe  components  are  registered  io' 
NE-SW  and  NW-SE  directions. 

Tbe  disturbance  of  tbe  trace,  which  is  reproduced  on  Plate  XU, 
commences  at  iih.  17m.  33B.  the  total  displacement  of  tbe  weight  - 
being  *3  mm.  from  the  vertical.    The  commencement  of  the  second 

I  AdcaeriplioDoF  thUin»trum«Dt,  written  by  Prof,  Ricco,  will  be  found  in  thn  AttideB. 
Ac.  GkwdU  de  Sci.  Nat.  io  Cttaai,  4tb  teriei,  X. 
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phase  is  well  marked  at  iih.  asm.  44s.  on  the  NE-SW  component, 
and  at  iih.ssm.  55s.  on  the  NW-SE  component,  the  character 
of  the  trace  becoming  more  open,  and  the  travel  of  the  pendulum 
bob  rises  to  I'l  mm.,  the  character  of  the  curve  indicating  oscil- 
lations of  the  normal  period  of  the  pendulum,  5*2s.,  superimposed 
on  undulations  of  longer  period.  These  correspond  to  the  violent 
oscillations  of  the  Padua  pendulum  between  iih.  26m.  and  iih.  30m. 
Converted  into  angular  measurement,  the  excursion  of  the  pendulum 
corresponds  to  a  tilt  of  to'  of  arc  from  the  vertical.  The  larger 
undulations  set  in  about  iih.  45m.;  their  maximum  isat  iih.  48m., 
but  as  the  components  are  NE-SW  and  NW-SE  instead  of  N-S  and 
E-W,  the  diagram  cannot  be  readily  compared  with  the  others,  and 
it  is  possible  that  the  apparently  late  beginning  of  these  is  due 
to  the  E-W  component  not  showing  up  as  well  as  it  does  in  the 
other  diagrams.     The  disturbance  lasted  till  about  14  h. 

Siena,— I  am  indebted  to  Prof.  Silvio  Lussana,  of  the  University 
of  Siena,  for  a  photograph  of  the  diagram  made  by  his  instrument. 
This  closely  resembles  on  a  small  scale  that  of  Prof.  Vicentini's 
instrument  at  Padua.  Disturbance  commenced  at  1  ih.  17m.  G.  M,  T,, 
rapidly  attained  a  maximum  at  ilh.  19'^  m,  and  then  died  down. 
The  second  phase  is  marked  by  an  increased  displacement  from 
36m.  to  38m.,  with  a  maximum  at  2jm.,  but  instead  of  being 
nearly  equal  to  the  original  displacement,  it  does  not  amount  to 
more  than  one-sixth  of  it.  The  trace  after  this  shows  a  number  of 
minute  undulations,  and  at  46m.  they  increase  in  size,  attaining 
their  maximum  at  48  m,,  and  then  diminishing  once  more.  I  have  no 
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The  disturbance  commenced  at  iih.  iSm^  178.  G*  M.T.iand* 
at  45m.  43s.  there  was  again  an  increase  in  the  travel  of  the 
recorder,  reaching  its  maximum  at  about  iih,  48m*,  the  distur- 
bance of  the  trace  ceasing  at  I2h.  gm.  The  second  phase  appears 
to  be  marked  by  a  large  increase  in  the  travel  of  the  recorder  of  the 
E.>W,  component  at  i  ih,  27m.|  but  the  trace  is  not  open  enough  to 
allow  this  to  be  decided  with  certainty. 

On  this  trace  it  must  be  noticed  that  the  N-S  component  is 
about  double  the  E-W  in  the  first  phase.  There  is  a  maximum  at 
about  iih.  2om.  and  another  large  one  at  iih.  23m.  The  other 
increase  in  the  travel  of  the  pointer  after  45m.  43s.  evidently  corre- 
sponds to  the  large  undulations  of  other  records.  At  Pavia  the  period 
of  these  undulations  was  about  30s. ;  in  the  first  phase  the  oscilla*' 
tions  were  very  rapid. 

Grenoble.— A  microseismograph  here  recorded  the  earthquake. 
Beyond  the  fact  that  the  disturbance  commenced  at  iih.  28m.  268*1 
Paris  time,  or  iih.  igm.  5s.  G.  M.  T.^,  I  have  no  information  as  to 
either  the  nature  of  the  instrument  or  of  the  remainder  of  the  record. 

Strassburgf.— Dr.  Gerland  informs  me  that  his  instrument,  con- 
sisting of  three  horizontal  pendula  set  at  angles  of  120^  with  each 
other,  was  violently  affected  by  the  earthquake.  The  disturbance 
began  at  iih.  i8m.  32s.  G.  M.  T.  without  any  tremors,  with  sudden 
and  very  great  oscillations,  of  14  cm.  amplitude;  these  suddenly 
ceased  at  I2h.  45m.,  but  were  succeeded  by  a  very  long  series  of 
diminishing  tremor-like  oscillations,  dying  out  at   i4h.3om.  G.  M.  T^. 

Potsdam.— A  horizontal  pendulum,  with  a  boom  20cm.  long  and 
a  weight  of  10  grammes,  supported  by  a  quartz  fibre  rising  at  ad 
angle  of  45^,  was  set  in  motion  at  I2h.  iim.  Potsdam   time,  which  i» 

A  This  time  was  communicated  to  me  by  Dr.  Fruh  of  Zurich.  In  Symons'  Monthly 
Magazine^  XXXII»  92  (1897)  the  time  is  (^ven,  in  a  note  by  Prof .  J.  Milne^  P.R.^  at 
fib.  28m.  OS*  According  to  Dr.  Fruh's  communication  the  time  is  Paris  mean  time  and  requtns 
a  correction  of  9  m.  21s.  This  also  brings  the  time  more  into  accordance  with  that  recordiBd 
elsewhere.  The  time  i?  given  as  I3h«  19m  5s.  T.  E.  C,  equivalent  to  uh.  19m.  5s.  G.  M.  T.  bg 
Dr.  Agamennonej  Boll.  Soc.  Sismol.  Ital,  III>  pt.  ii,  392. 
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*S3m.  15s.  ID  advance  of  Greenwich.  The  G.  M,  T.  of  commeDcement 
is,  therefore,  iih.  i8m.  45s,  The  times  can  be  relied  on  to  half 
a  minute.  At  iih.  37m.  G.  M.  T.  the  horizontal  pendulum  wa» 
thrown  out  of  gear  and  the  record  ceased. 

Newport,  I.  W.— At  Shide,  near  Newport,  in  the  Isle  of  Wight, 
Prof.  ].  Milne,  F.R.S.,  has  establiahed  a  seismograph  of  his  own 
design.  The  record  is  photographic,  and  unfortunately  a  change  of 
paper  was  being  made  when  the  disturbance  commenced ;  the  record 
of  the  commencement  of  this  earthquake  was  consequently  lost, 
but  the  end  of  the  disturbance  was  determined  as  i4h,  32m.  sis. 
The  largest  angular  titt  recorded  was  5"  of  arc,  but  it  may  have 
been  greater  in  the  part  of  the  record  which  was  lost.  A  horizontal 
pendulum  with  a  boom  4  ft.  long  gave  the  period  of  the  large  oscil- 
lation as  158. 

Edinburgh. — At  the  Royal  Observatory,  Edinburgh,  is  a  bifilar 
pendulum,  an  instrument  consisting  of  a  mirror  hung  from  two 
threads  of  unequal  length  whose  upper  ends  are  fastened  nearly 
vertically  above  each  other.  As  long  as  the  two  points  of  suspension 
and  the  two  points  of  attachment  remain  in  the  same  vertical 
plane,  the  mirror  remains  at  rest,  but  as  soon  as  it  is  tilted  in  the 
slightest  degree  in  any  direction,  except  that  of  this  plane,  the  mirror 
swings  round  till  the  four  points  once  more  lie  in  the  same  vertical 
plane.  The  mirror  is  immersed  in  petroleum  to  prevent  its  swinging 
too  freely,  and  the  tilting  to  which  the  instrument  is  subjected  is 
registered  by  means  of  a  ray  of  light  reflected  off  the  mirror  on  to  a 
piece  of  sensitive  papi 
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I4h.  6in.^  The  amplitade  of  the  recorded  oscillations  of  the  mirror 
when  at  its  maximum  was  equivalent  to  a  tilting  of  the  whole  instru- 
ment through  ao'^  of  arc ;  but  in  the  gap,  where  the  oscillations  were 
too  great  to  be  photographically  recorded,  it  must  have  been  greater. 

In  discussing  these  observations  the  first  point  to  be  noticed  is 
that  there  are  three  distinct  phases  and  seven  epochsi  which  can  be 
recognised  in  the  records.  The  phases  are  (i)  the  first  phase^  con- 
sisting of  nearly  horizontal  rapid  displacements  of  the  instruments 
unaccompanied  by  undulating  movement  of  the  ground,  (2)  the  « 
second  phase,  during  which  there  were  distinct  undulations,  appar- 
ently accompanied  by  angular  tilting  of  the  instrumental  and  (3)  the 
great  oscillations  commencing  at  about  11-45.  '^^^  epochs  which 
can  be  recognised  more  or  less  distinctly  on  the  records  are— 

(i)  The  first  commencement  of  disturbances. 
(2)  The  maximum  of  the  movement  of  the  first  phase. 
(3)-  The  commencement  of  the  undnlatory  movement  of  the 
second  phase, 

(4)  The  maximum  of  the  same. 

(5)  The  commencement  of  the  larger  undulations. 

(6)  The  maximum  of  these  larger  undulations. 

(7)  The  cessation  of  the  disturbance* 

One  or  all  of  the  epochs  can  be  determined  on  all  the  traces, 
and  the  respective  times  are  given  in  the  tabular  statement  on 
the  following  page,  the  time  being  minutes  and  seconds  after 
I  ih.    Greenwich  mean  time :  ^ 

^  In  thepoblished  account  13b.  lam.  I  am  indebted  to  Prof.  R.  Copeland^  Astrooomtr 
Royal,  for  the  information  tbat  a  reexamination  of  the  record  showed  that  the  difttubaoce 
covld  be  traced  for  a  longer  period  than  ww  originally  suppased. 
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In  connection  wttb  this  table  and  the  apparent  imperfection  of 
the  records  at  all  but  the  Italian  observatories,  the  difFerence  in  type 
of  the  instruments  used  must  be  borne  in  mind.  In  Italy,  heavily 
weighted  pendulaare  favoured,  whether  vertical  or  horizontal,  and  the 
record  is  made  by  a  pen,  or  a  pointer  travelling  over  a  moving  strip 
of  smoked  paper.  This  type  of  instrument  has  some  disadvantages, 
but  it  enables  the  recording  surface   to  move   sufficiently  rapidly  to 
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peat  tbat  no  impression  was  made  on  the  sensitised^  paper,  and 
from  Grenoble  I  Jiave  no  details. 

The  bifilar  pendcrlam  is  not  intended  to  respond  to  anythmg  but* 
a  tilt  of  the  iostrament  as  a  whole,  but  it  is  evident,  from  the  tiine  of 
commencement  of  the  preliminary  tremors,  that  the  movement  of  the- 
first  phase  was  sufficiently  great  to  affect  the  instrument,  while  the 
commencement  of  the  larger  displacements  indicates  the  commence^ 
ment  of  the  second  phase.  The  tixne  of  maximum  movement  cannot 
be  decided,  as  at  that  period  the  displacements  were  beyond  the 
range  of  recording  power  of  the  instrument. 

Turning  to  the  magnetic  instruments,  I  have  been  able  to  collect 
the  following  information.  / 

Bombay;'— A  description  of  the  effect  of  the  earthc^uake  on  the 
traces  of  the  self-recording  instruments  at  the  Colaba  Observatory 
has  been  given  in  Chapter  XI.  The  main  results  may  be  epito« 
mised  here  and  the  times  converted  into  G*  M.  T.  :«— 

Declinafion,  commenctment  iih.  ia*7Sm.  end  iih.  4i'75in.  the 
trace  is  lost  between  xih.  I475ro.  and  iih.  1675m. 

Horigontal  force^  commencement  of  disturbance   iih.  ii*a5nu 

end  I  ih.  4475m.   trace  lost  between   iib..  I4*25m.   and  iih* 

28'25m. 
Vertical  force ^  commencement  disturbance   iih.   i5'25m.  end' 

izh«3275m.  maximum  at   iih.  1675m.  and  a  second  mino» 

one  at  iih.  2075m. 

Barograph^  commencement  of  disturbance,   ilh.   r4^5m:  en^ 
ilh.  2 1 '35m.   maximum  at  iih.  i8"25  h. 

Batavia* — At  Batavia  the  magnetic  and  electric  instruments  were* 
affected  by  the  shock.  The  times  taken  from  the  original  records^ 
for  which  I  am  indebted  to  Dr.  S.  FigeOi  are  as  follows  :— 

Declination^  Shocks,  almost  imperceptible,  at    iih.  22m.,. G.  M;. 
T«,  and  others  afterwards  until  iih«  32nu 

R  (   241   \ 


U. 


943  OLDHAU:  GREAT  EARTHQUAKE  OF   1897, 

Horizontal  Force,  First,  small,  shock  at  i  ih.  34m.,  G.  M,   T, 

last  at  lib.  55in. 
Vertical  force,  First  shock  at  iih.  ajm^  others  until  iih.  43m. 
Electrometer,    (Mascart's  type)   commencement  llh.  i/m.,  end 

at  about  itb.  53m. 
The  disturbances  are  of  the  same  type  as  tb^e  of  the  Bombay 
instruments,  but  less  extensive. 

Potsdam  ^Tbe  instruments  are  similar  to  the  Kew  iostruments 
but  smalier  in  siie.  All  three  were  affected  by  the  earthquake.  The 
times  of  commencement  were — 

Declination        .         ,         .lib.  iS'ysm.  G.  M.  T. 
Vertical  force     .         .         .     tib.  i8-25m.        „ 

The  exact  time  of  commencement  cannot  be  determined  on  the 
trace  of  the  horizontal  force  instrument,  but  there  is  a  perceptible 
widening  of  the  line  commencing  at  about  i  ih.  lom.,  though  the  first 
definite  disturbance  is  not  for  some  6  or  7  minutes  later.  The  ter- 
mination of  the  disturbance  is  at  about  I2h.  4on).  G.  M,  T.  on  the 
trace  of  the  declination  instrument,  and  about  i  ah.  aSm.  on  that  of  the 
vertical  force  instrument.  On  the  horizontal  force  instmment  there 
are  a  number  of  small  oscillations  lasting  till  about  I3h.  43m.  G.  M.T. 

The  times  of  commencement  were  measured  at  Potsdam  on  the 
original  records  and  are  accurate  within,  a  limit  of  '5m.  The 
others  are  taken  from  photographs  of  the  traces,  for  which  I  am  in. 
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were  all  afffected  by  the  shbclc,  and  I  am  indebied  to  Dr.  C  B&rgen 

for  the  following  particulars,  obtained  by  measurement  from  the 
original  traces.  The  times  are  reduced  to  Greenwich  Mean  Time 
aod  correct  to  about  half  a  minute  : — ■ 


ilh.  ig'Sm.  (i[«l  indicatian. 

a6m.     first  distinctly  visible  wave  followed  by  several  smtn  ttSVe*. 

44'sro.  first  strong  wave. 
So-sni.  maiimuni, 

to       [many  shocks,  succcedinK  each  other  qmcUly, 

I3h.    iSm.  cessation  of  disturbance. 
Horima  nlut/orct.— 

Ilh.  1910.    first  indication. 

•p'S      strong  disturbance  i  after  this  the  record  ccans  td)  iih     J7'JtD., 
alter  which  it  is  again  viitble. 


3l  the  magnet  canting  a  blurred.trsof. 


Vertical  force.— 

I  lb.  36' sm.  c 

lib.  igm.      snail  was 

tih.  31m.     larfer  wai 


Ilh.  4 


to        la' 


Copenhagen. — The  magnetographs  in  the  observatory  of  the 
Meteorological  Institute  at  Copenhagen  were  affected  by  the  shock. 
1  am  indebted  to  Dr.  A,  Paulsen,  the  Director  of  the  Institate,  for 
the  following  particulara,  obtained  by  direct  measurement  on  the 
original  records  :— 

Declinaiion,  commencement  of  disturbance  iih.  Z5'5m.,  end  lib. 
56'5m.;  maximum  lib.  36m. ;  maximum  angular  displacement 
o"75m, 
^friVonfaZ/firftf,  commencement  of  disturbance  itb,  16' 5m.  end 

lib.  5l"5m,  maximum  displacement  o6in.  at  lib.  36m. 
Vertical  force* — A  disturbance  of  the  trace  was    noticed   at  i  ih, 

47ml,  the  angnlat  displacement  is  too  small  to  be  measured. 
B  a  <  343     1 
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Pawlowsk  (St  Petersburg). — According  to  Dr.  A^mennone' tJle 
horizontal  force  instrument  at  this  observatory  was  disturbed  at  iih. 
17m.  the  distuibaoce  reaching  its  maximum  at  1 1  b.  23m.,  and  ending 
at  lib,  25m.,  but  the  trace  is  again  disturbed  from  iih.  391Q.,  to  i.ib. 
43m,  though  in  a  less  degree.  The  declination  instrument  trace  was. 
adected  at  the  same  time,  hut  not  so  distinctly, 

Paris,.  Pare,  St.  Maur.— According  to  the  Bulletin  du  Bureui 
central  there  was  a  slight  distarhaoce  of  the  curves  of  the  horizontal 
force  and  declination  instruments  at  ith.  37m.  40s.* 

Utrecht> — ^The  disturbance  of  the  declination  instrument  com* 
menced  at  iih   iS'Sm.,   and  ended  at  i2h.  sSm. 

Ihe  horizontal  force  instrument  was  not  disturbed  till  about  lib. 
36'sm.,  the  disturbance  lasted  till  i3h.  47m. 

Tabulating  the  times  given,  for  convenience  of  comparison,  we- 
have  the  following :— 


HORIIOKTAL   FORCE. 

Dbclihatioh. 

ViRTiCAi.  ro»c«. 

Conn). 

Mu. 

End. 

Crnnni. 

Mu. 

C>d. 

Coam. 

Mu. 

End. 

b.  m. 
II  33 
II  43 
13  aS 

? 

Boafaiy      . 
BMra       . 

WiihchM- 

Vmcht       . 

■  1      tl 

II    H 

I 
II    ig 

b.m. 

» 

II     49 

t 

h.    m. 

"    " 

11    40 
'J    41 

h.    m. 

II     19 
II  19-5 
It  18  J 

b.    m. 
II     16 

; 

b.    n. 

II     45 

11    32 

.3     23 

13    3S 

fa.    a. 
II     15 
11    t] 
11     iS 
i.j6-s 

b.    u. 
II     17 

t 
? 
f 

^B 
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disturbance,  or  of  its  different  phases.  There  U  a  tolerably  close 
agreement  between  the  time  of  the  first  disturbance  of  the  horizontal 
force  instrument  and  the  times  recorded  in  Italy,  as  those  of 
the  arrival  of  the  waves  of  the  first  phase,  and  when  we  consider  that 
this  instrument  is  by  its  construction  especially  sensitive  to 
mechanical,  as  well  as  magnetic,  disturbances  this  agreement  is  not 
to  be  wondered  at. 

When  dealing  with  the  records  of  the  Bombay  magnetic  observa_ 
tory  the  question  of  whether  the  disturbances  were  mechanical  or 
magnetic  was  discussed,  and  it  was  shown  that  though  they  might  in 
part  be  explained  by  the  purely  mechanical  effect  of  the  earthquake 
yet  they  could  not  be  wholly  so  explained,  and  must  be  attributed  in 
part  at  least  to  locally  induced  magnetic  disturbances.  An  examina'- 
tion  of  the  irregularities  and  discrepancies  among  the  records  of  the 
European  observatories  points  to  a  similar  conclusion,  and  it  seems 
as  if  here  the  mechanical  effect  of  the  earth  waves  was  completely 
masked  by  the  induced  magnetic  disturbances  ;  a  conclusion  wtiich  is 
borne  out  by  the  limited  number  of  observatories  at  which  any  effect 
was  noticed,  as  compared  with  the  much  larger  number  at  which 
nothing  was  recorded,  though  the  instruments  in  use  were  of  the 
same  type  and  in  some  cases  identical  in  construction. 


Whatever  may  be  the  cause  of  the  disturbances  of  magnetic 
instruments  which  are  due  to  distant  earthquakes  it  is  evident,  from 
the  details  given  above,  that  the  records  are  useless  for  comparison 
with  those  of  instruments  specially  constructed  to  record  the 
mechanical  displacements  of  the  earth's  surface  due  to  distant  earth- 
quakes or  other  causes.  They  will  consequently  be  omitted  id  the 
discussion  of  the  distant  records  of  this  earthquake. 

We  have,  then,  rcfcords  which  can  be  utilised  from  ii  distinct 
stations,  situated  at  from  4,300104,900  miles  from  the  centre,  as 
shown  in  the  following  tabular  statement  : — 
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. 

. 

3 

4 

5 

e 

7 

Utitude. 

Aagle. 

Arc 

Chord. 

Venfa. 

PoUdam.        . 

S^^ai-N 

.j'»'E 

ej-jC 

4>3» 

4,'H 

SJt 

I«chte      . 

V'AS'  N 

la'sS'E 

63°»8' 

4.3S3 

4.16a 

591 

Cttantk  . 

JT^'N 

,3-38' E 

63°JJ' 

M'l 

4,185 

599 

RoDie      . 

4i°S4'  N 

iiM'E 

64°  s- 

♦.4« 

4.198 

603 

Fa4t>k     . 

4S°I4'N 

.|>'E 

fHW 

4*453 

4,I3t 

610 

SicM       . 

43°i9'  N 

.l^i/E 

6S°ifl' 

4.S09 

4.»69 

62j 

Ptfii       . 

45'ii'  N 

g-io-E 

66'ia' 

4,58. 

4.331 

«4S 

Sln<d»rg 

. 

48=3S'N 

7VE 

66V 

4.594 

4.340 

«4S 

CftnoWe 

«°I0'  N 

5°4o'E 

6P.V 

4.7' 1 

4.438 

6Si 

55°57'N 

J'  I'W 

7o°S>' 

4^' 

4J86 

73a 

bDido      . 

5o"4l'  N 

i-jg-W 

7l°J4' 

4.9*3 

4^rt 

747 

In  this  table  the  first  three  columns  require  no  expknatioD.  The 
fourth  column  represents  the  angle  subtended,  at  the  centre  of  tbe 
earth  by  the  place  mentioned  m  tbe  first  column,  and  an  assumed 
centre  in  N.  Lat.  25°4s'>  ^-  ^og-  Qi^o'.  The  fifth  column  is  the 
length  of  the  corresponding  arc  in  miles,  calculated  to  a  meaa 
radius  o(  Z>95^  statute  miles ;  or,  in  other  words,  the  distance  in  a 
direct  line,  measured  along  the  surface  of  the  earth.  Column  6  gfvta 
the  distance  in  a  direct  line  measured  through  the  earth,  and 
column  7  the  greatest  depth,  in  miles,  of  this  line  from  the  aurface, 
111  calculating  6  and  7,  the  focus  was   assumed  to  be  at  the  surface. 


tH&  uNfelt  earthquake.  %Jfl 

tthUre,  and  as  a  matter  of  fact  tbey  certainly  did  so  wittiin  a  minute 
df  time.  '  * 

Taking  the  time  of  arrival  of  the  first  t^emots,  we  have  the  follow 
ing  result :— 


Interval  in 
minutes. 

APPARENT  RATE  OF  TRAVEL  ALONG 

SURFACB. 

Direct  linb. 

Miles  per 
min. 

Kilometres 
per  sec. 

Miles  per 
min. 

Kilometres 
per  sec. 

Ischia      •        •        •        • 

iras 

366 

9-68 

340 

8-99 

Catania  •        •        i        • 

X2*5 

353 

■ 

9*33 

335 

8-85 

Rome,  Rocca  di  Papa       • 

12-75 

347                   9*  18 

329 

871 

,>      Ufficio  centrale     . 

io*o 

369 

975 

350 

9'2S 

• 

Padua     .        •        •        • 

1175 

379 

lo'oa 

359 

9-5© 

Siena      •        •        •        • 

I2*0 

376 

9*94 

356 

9"4i 

Pavia      •       •       •       • 

lyas 

355 

9*19 

• 

947 

s-c* 

Aritlinietical  meatf    • 

12*36 

3^ 

9-58 

345 

9'OJ 

Potsdam  •        •        • 

«375 

314 

8*32 

299 

m 

Strassburi^       •        •        • 

I3'S 

340 

9*00 

321 

8-S9 

Greooble.        .        •        » 

140 

336 

8*90 

317 

8-39 

Edinburgh       •        .        , 

13*0 

353 

9*33 

361 

9'95 

• 

That  is  to  say,  these  tremors  travelled  between  India  and  Europe 
at  a  rate  of  about  .345  miles  a  minute,  or  9*0  kilometres  a  second,  it 
they  travelled  in  a  straight  line  from  point  to  point,  and  at  a  greater 
rate  if  they  followed  a  curved  line. 

Turning  to  the  time  of  commencement  of  the  second  phase  we 
have  the  following  results :— • 
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laterfalia 

■iDDtM. 

APPARENT  RATEOF  TRAVEL  ALONG 

SuirAci. 

OltlCT  UMB. 

Kttt,   per 

KilotUtTM 

per«coHl. 

Mil-PM 

I«r  «««.». 

iKhit       .         .         .         . 

ii-o 

K>9 

S-Sa 

.98 

S-*4 

cuiiii  .     .     .     . 

31 'O 

aio 

S-S6 

■» 

STT 

Rni«,  Rocci  di  Ptpa      . 

M-7S 

aij 

r64 

ao3 

srss 

„     UfficiocMtrak     . 

ao'ij 

»I4 

5-78 

907 

r* 

PadM    .       .       .        . 

*)'75 

3"S 

5-88 

M3 

5-3B 

Sim      ,        .       .       . 

31-0 

lis 

S-69 

S03 

5-38 

»-7      1           ... 

S-64 

301 

sss 

ij-o 

•■' 

sea 

*» 

S-ag 

Here  we  have  a  rate  of  propagation  of  about  3oo  miles  a  minute, 
or  5*3  kilometres  a  second,  lower  than  that  of  the  preliminarj 
vibratiotij  but  still  much  greater  than  that  of  the  sensible  earthquake 
ID  the  region  where  it  could  be  recognised  withoot  instramental  aid. 

There  remains  only  the  group  of  large  undulations,  lasting  for 
about  lo  minutes.  It  is  only  in  the  Italian  records  that  these  can  be 
recognised,  as  the  oscillations  at  this  period  were  too  extensive  to 
allow  an  impression  being  made  on  the  sensitive  paper  where  photo- 
graphic registration  was  employed. 

For  the  commencement  of  these  oscillations,  we  have  the  follow 
ing  result: — 
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APPARENT  RATE  OF  TRAVEL  ALONG 

Interval 

in 
minutes. 

SusPACB.                     Direct  Lin^ 

Miles  per 
minute. 

Kilometres 
per  second. 

Miles  per 
minute* 

Kilometres 
per  second. 

Padua    •        •        •        • 
iSiena      •        •        •        . 
Pavia      •        •        •        . 

375 
4« 

4075 

119 
108 

113 

3*14 

3*84 

397 

113 
104 
106 

a'98 
9*81 

Atithmetical  mean    • 

38'8 

115 

3-03       j           109 

3-88 

The  important  and  striking  fact  in  this  table  is  that  we  obtain 
a  rate  of  propagation  which  is  almost  identical  with  that  deduced  in 
Chapter  III   as  the  probable  rate  of- travel  of  the  sensible  earthquake. 

If  instead  of  the  time  of  commencement  we  take  that  of  maximum 
movement|  and  take,  as  we  may  well  do,  the  origin  of  these 
Cases  to  be  one  minute  later  than  the  earlier  ones,  we  get  very 
slightly  a  slower  rate  of  propogation  as  shown  in  the  following 
table :— 


Interval  in 
minutes. 

APPARENT  RATE  OF  TRAVEL 

ALONG 

tLINft. 

Surface. 

Disic 

■ 

Miles  per 
minute. 

Kilometres 
per  second* 

Miles  per 
mtnote. 

Kilometrsa 
per  secoodrf 

Ischia      •        •        •        • 

41*0 

107 

3*83 

lol 

3*69 

Catania  •        •        •        • 

43*0 

los 

3*78 

loo 

3*64 

Rome,  Rocca  di  Papa       • 

407s 

109 

a*88 

103 

a*7a 

„     UflBcio  centrale      • 

4i'o 

108 

3-8s 

103 

371 

Padua     •        •        .         . 

41*25 

108 

3-86 

103 

371 

Siena      •        .        •        • 

43*0 

107 

3*84 

103 

3*tf9 

Pavia      •        •        •        • 

43*0 

109 

3*89 

103   , 

973 

Anthroetical  mean     . 

41*5 

X07 

3*84 

103 

370 

Before  considering  the  meaning  of  these  resultSj  a  short  digression 
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concerning  the  nature  of  the  morements  which  would  be  propi' 

gated  from  the  earthquake  centre  will  be  necessary.     They  are  1 — * 

(t)  Waves  of  elastic  compression,  or  condensational  waves. 

(2)  Waves  of  elastic  distortion  or  distortional  waves. 

(3)  Undulatory  waves,  whether  purely  gravitational,  elastic  at 

elastic-gravitational,  set  up  at  the  surface  in  and  Dear  tte 
epicentral  region  and  propagated  along  the  surface. 

The  existence  of  waves  of  the  first  two  classes  has  long  beed 
recognised  ;  they  are  propagated  through  the  body  of  the  earth  aad  it 
is  to  them  that  all  earthquake  effects  are  commonly  ascribed,  as  was 
done  by  Prof.  Grablowitz  in  his  discussion  of  the  records  in  Ischia.* 
The  existence  of  undulations  of  the  third  class,  first  suggested  by 
Professor  Milne  in  i888,'  has  not  yet  been  fully  accepted. 

The  rate  at  which  these  waves  travel  is  governed  by  the  density 
of  the  medium  and  its  elasticity.  The  rate  of  travel  of  the  wave  of 
elastic  comparison  is  always  greatest,  that  of  the  distortional  waves 
less,  while  the  only  form  of  elastic  surface  undulation  which  has  yet 
been  investigated  has,  according  to  Lord  Rayleigh,  a  still  slower 
rate  of  transmission. 

Now,  as  pointed  out  by  Dr.  A.  Schmidt  of  Stuttgart  in  1888,*  oot 
only  it  is  inconceivable  that  the  elasticity  of  the  materials  of  which 
the  earth  is  composed  should  be  unaffected  by  the  very  different 
conditions  of  pressure  and  temperature  existing  in  the  deeper-seated 
as  compared  with  the  superficial  portions;  but  it  is  also  not  in 
accordance  with  observed  facts,  for  were  such  the  case,  the  rate  of 
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travel,  whether  tlus  be  in  the  direcHon  ol  dimuushing  of|  a* 
observations  show,  of  increasing  the  speed. 

The  study,  by  means  of  special  instruments,  of  the  earth  move- 
ments due  to  earthquakes  at  a  distance  from  their  place  of  origin, 
shows  that  the  preliminary  tremors  begin  before  (.he  greater  undu- 
lations, and  that  the  period  through  which  they  last  is  longer  as  the 
place  of  observation  is  more  remote  from  the  centre,  It  is  found  too 
that  the  time  by  which  the  tremors  precede  the  greater  undulations  h 
greater  than  that  which  is  due  to  the  difference  between  the  distance 
in  a  straight  line  and  along  the  surface  of  the  earth  ;  in  other  words, 
the  rate  of  propagation  of  the  tremors,  which  travel  through  the 
earth,  is  more  rapid  the  greater  the  depth  of  the  wave  patli.from  the 
surface. 

In  this  the  records  of  the  great  earthquake  present  no  peculiari- 
ties, but  the  marked  three-fold  character  of  the  disturbance  is  peculiar. 
The  only  published  instance  of  a  similar  record,  with  which 
I  am  acquainted.  Is  that  of  the  Japanese  earthquake  of  1S94,'  and  the 
meaning  of  these  three  phases  may  now  be  investigated. 

The  first  phase. consisted  of  comparatively  rapid  waves,  whose 
period  is  estimated  by  Dr.  Agamennooe^as  not  more  than  about  '3s. 
to  *Ss.  Prof.  Grablowitz' investigation  of  the  records  of  his  instru- 
ments has  already  been  referred  to,  and  his  conclusion  that  the 
motion  in  this  phase  was  munly  of  a  to  and  fro  nature,  uoaccom- 
panied  by  any  considerable  tilting  of  the  ground.  He  expressly 
refers  to  the  wave  motion  in  this  phase  as  condensational,  and  the 
must  reasonable  explanation  is  that  the  commencement  of  the  dis* 
turbance  was  due  to  the  arrival  of  waves  of  elastic  compression.  If 
these  travelled  in  a  straight  line  from  the  centre,  the  angle  of 
emergence  would  be  about  30°,  if  the  wave  path  was  a  curved  one,  con- 
vex to  the  centre  of  the  earth,  it  would  be  higher.   That  is  to  say,  the 

I  E,  von.  Rebeur  PasclmiitE:  Europtische  BeohuhtunE's  dM^rosscn  japanischen  Erd- 
belMUB  vom.n  Miri  1894,  und  des  veneioUnischen  Erdbeb«ns  vom.  iSth  April  1894,  nebsl 
UatwiuchuDgea  ubar  die  FDrtplanznngsgeschwind^keit  dicKr  Erdbeben ;  PetMnmni 
MittbeiluDecoi  189S1  PP>  13-11  and  39-43. 

•  Boll.  Soc.  Siimgl.,  lUl,  tV,  pt.  i,  p.  48  (1896). 
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ground  was  moved  bodily  backwards  and  forwards  in  a  direction 
Inclined  more  than  30°  to  the  horizon. 

A  movement  of  this  kind  need  not  be  accompanied  by  any 
marked  surface  tilting,  and  any  way  the  tills  would  be  too  rapid  for 
the  slowly  moving  peodula  to  respond  largely  to  them  ;  consequently 
tlie  effect  of  the  backward  and  forward  movement  on  the  peodula 
wbuld  be  much  greater  than  that  of  the  up  and  down  movement,  as 
deduced  by  Prof.  GrabloWitz  from  a  comparison  of  the  records  of 
his  instruments. 

In  the  second  phase  the  wave  period  was  longer  than  in  the  first, 
and  there  are  indications  of  tilting  of  the  surface  of  the  ground. 
This  phase  appears  to  be  due  to  the  waves  of  elastic  distortion,  in 
which  the  movement  of  the  wave  particle  is  at  right  angles  to  the 
direction  of  travel  of  the  wave.  As  demanded  by  theory  these  waves, 
travelled  at  a  slower  rate  than  the  waves  of  elastic  compression. 

An  important  point  to  note  is  that  the  rate  of  propagation  of  the 
wave  motion  of  the  second  phase,  5*3  kilometres  per  second,  is  in 
close  agreement  with  what  is  regarded  as  the  normal  rate  of 
propagation  of  the  preliminary  tremors,  corresponding  to  the 
distance  between  Italy  and  the  epicentre.  That  cf  the  first  phase, 
9  km.,  per  second  is,  on  the  other  hand  very  much  in  excess.  Refer- 
ence has  already  been  made  to  the  fact  that  the  only  published 
insunce  of  a  three-fold  division  of  the  record,  similar  to  that  of  this 
earthquake,  appears  to  be  the  Japanese  earthquake  of  1894,  but  too 
mticli  importance  must  not  be  atached  to  this.     From   the  nature  of 
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moner  than  the  published  references  suggest ;  on  the  other  hand,  the 
fact  that  the  rate  of  transmission  of  the  second  phase,  in  the  case  of 
this  earthquake,  accords  with  what|  according  to  the  text->bookS|  should 
be  regarded  as  a  normal  rate  of  transmission  of  the  preliminary  tremors,^ 
seems  to  show  that  the  more  rapid  rate  of  transit  shown  by  iht 
disturbance  of  the  first  phase  is  exceptional^  or  at  least  unusual* 

This  is  not  the  place  to  go  further  into  the  subject.  To  treat  it 
satisfactorily  the  original  records  of  distant  earthquakes  preserved  in 
the  observatories  of  Europe  require  a  careful  reexamination!  but  if 
the  explanation  of  the  two  phases  of  preliminary  tremors  offered  is 
accepted,  it  follows  that  the  waves  of  elastic  compression  die 
out  sooner  than  those  of  elastic  distortion,  and  are  only  transmitted 
to  great  distances  in  the  case  of  exceptionally  severe  earthquakes ; 
in  ordinary  cases  they  have  died  out  while  the  waves  of  elastic 
distortion  remain  and  are  recorded  as  the  preliminary  tremors. 
From  this  it  is  obvious  that  in  making  any  deduction  from  tbe 
duration  of  these  preliminary  tremors,  it  is  necessary  to  be  certain 
which  phase  they  begin  with|  whether  that  of  the  condensational  or 
the  distortional  waves. 

In  the  case  of  both  these  first  two  phases  of  the  records  we  have  a 
rate  of  travel  much  greater  than  that  of  the  earthquake  which  was 
felt,  an  increase  which  must  be  mainly  attributed  to  their  having 
travelled  through  the  earth  at  depths  where  pressure  and  tempera* 
ture  produced  profound  modifications  in  the  elasticity  of  the  rockjs 
they  travelled  through. 


If  we  now  turn  to  the  large  undulations  which  are  estimated  by 
Dr.  Agamennone'  to  have  had  a  complete  period  of  22  seconds,  a 
length  of  34  miles,  and  a  rise  and  fall  of  20  inches^  we  get  the 

>  Prof.  Miloe  gives  the  following  as  the  average  rate  of  transmissioo  oi  the  preUmiiiary 
tremors  for  varying  distances  (Seismology^  8°  London,  1898,  p.  1 13). 
Dbtance  from  origin  30**  rate  of  travel  ^  to  3  km.  per  tec. 
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result  that  the  rate  of  travel,  as  between  the  centre  and  Italy,,  was 
about  113  miles  per  minute,  or  2*98  kilometres  per  second,  which  is 
practically  the  same  as  the  apparent  rate  of  travel  of  the  sensible 
shock  along  the  surface  between  Calcutta  and  Bombay.  There  is 
only  one  conclusion  possible  from  this,  that  these  undulations,  which 
are  quite  characteristic  and  distinct  on  the  records,  were  not  due 
to  waves  of  elastic  distortion,  as  has  been  assumed  by  some 
observers,  and  did  not  travel  through  the  substance  of  the  earth,  but 
along  its  surface.  Had  they  travelled  through  the  earth,  instead  of 
along  its  surface,  it  is  impossible  to  conceive  that  their  rate  ol 
travel  would  not  have  been  affected  by  the  depth,  as  was  the  case- 
with  the  two  other  kinds  of  wave. 

We  have  here  a  very  strong  confirmation  of  Professor  Milne's 
suggestion  that  an  earthquake  sets  up  a  wave  motion  at  the  surface 
which  travels  outwards  along  the  surface  at  a  practically  uniform 
speed,  the  individual  waves  becoming  longer  and  slower  in  the 
movemeot  of  the  wave  particle,  just  as  the  ripples  caused  by  a  stone 
falling  into  a  pond  become  longer  and  less  pronounced  as  they 
travel  outwards  from  the  centre. 

One  thing  only  is  needed  to  complete  the  demonst  ration,  and 
that  is  to  find  the  undulations  which  came  the  long  way  round  the 
earth,  as  well  as  those  which  came  direct.  If  we  consider  what 
happens  to  the  surface  undulations,  we  will  see  them  spreading  out- 
wards in  continually  widening  circles  till  they  pass  round  the  earth 
and  converge  on  the  antipodes  of  the  epicentre.  Here  we  would 
expect  to  find  an  instrument,   had  there  been   one  set   up,    giving    a 


At  Gdinbnrgfa,  as  has  already  been  noticed,  !  am  inddMed  to  tke 
Astronomer  Rcyal  [or  the    isformatioQ  that    there  it  a  small  bat 

distinct  disturbance  of  the  trace  at  i4h.  6m. 

From  the  observatory  ^  the  Rocca  de  Papa,  Dr.  Cancan!  moat 
obligingly  sent  a  tracing,  nearly  8  ft.  long,  of  the  record  of  the 
horizontal  pendula  at  that  observatory,  and  on  this  I  notice  at  i4bi 
4m.,  two  distinct  though  minute  undulations  and  again  betweea 
I4h.  7m.  and  I4h.  Sm.  some  more.  Though  small  these  undulations 
are  distinct,  and  like  the  great  ones  of  the  principal  disturbance, 
have  a  complete  period  of  about  20  seconds. 

A  photograph  of  the  record  at  Sfaide  shows  a  decided  enlarge- 
ment of  the  trace  from  I4h.  5m.,  to  I4h.  7m.,  which  is  doubtless 
doe  to  the  same  disturbance. 

Besides  these  I  find  in  the  detailed  account  published  in  the 
Bulletin  of  the    Italian  Seismological Society,  the   following: — 

At  Leghorn  oscillations  of  the  Tromometro  Egidt,  are  recorded 
at  I4h.  lom,^  The  extent  is  only  imm.  as  against  3'2mai. 
of  the  great  undulations,  but  no  other  disturbance  is  recorded 
between  t3h.  4Sm.  and  i^h.  45m. 

At  Catania  a  slight  distarbance  of  i\ie;  grande  sismometogreffi 
of  asm.  length  of  pendulam^  at  I4h,  lam.  41s.  on  the  NE-SW 
component.* 

At  lechia  the  horizontal  pendula,  which  are  evidently  extremely 
sensitive  instruments,  were  repeatedly  disturbed  between  2h,  and 
3h.  p.m.  and  it  is  impossible,  without  access  to  the  original  records, 
to  identify  the  undulations  referred  to  here. 

Tabulating  these  records,  as  is  done  below,  we  obtain  a  rate  of 
travel  practically  identical  with  that  of  the  direct  passage  of  the 
great  undulations  from  the  centre. 


«56 


OLDHAM  :  GRBAT  EARTHQUAKB  OP   1S97. 


Kilomitret 


EdlobaTgh   ■ 

suae . 

RooMdiPapk 
Ditto     . 
ataidB 
Ariihmetieil  m 


ai>,3ai 


From  this  table  we  see  that  the  time  of  arrival  and  the  rate  of 
travel  of  these  undulations  is  so  close  to  what  should  be  expected 
if  they  were  surface  undulations  travelling  round  the  world,  that  we 
may  consider  their  character  as  such  to  be  established,  as  well  as  is 
posiihle  in  the  absence  of  observations  from  intermediate  stations. 

The  recognition  of  surface  undulations  which  have  travelled 
round  the  world,  may  be  regarded  as  one  of  the  most  interest- 
ing results  of  this  investigation.  It  is  the  first  occasion,  since 
suitable  instruments  have  been  set  up,  on  which  the  surface 
waves  of  an  earthquake  have  been  of  sufficient  size  to  maintaia 
their  character,  and  leave  a  recognisable  record,  after  traversing  five- 
sixths  of  the  circumference  of  the  globe,  and  the  announcement 
of  this  may  well  bring  the  report  of  the  great  earthquake  oC 
1897  to  its  close. 
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A. 

Reports  of  officers  of  the  Geological  Survey  of  India  ^spatched 
to  investigate  the  effects  of  the  earthquake. 

This  appendix  contains,  with  unimportant  omissions^  all  those 
parts  of  the  reports,  referred  to  on  p,  2,  which  have  not  been  in- 
corporated in  the  body  of  the  text.  They  were  drawn  up  under  specific 
instructions  to  report  only  the  facts  observed,  and  to  refrain  from 
any  expression  of  opinion  as  to  the  conclusions  to  be  drawn,  as  this 
could  only  be  profitably  done  after  a  review  of  the  whole  of  the  factSi 
of  which  only  part  could  become  known  to  each  individually. 


I.  Report  by  Mr.  T.  D.  LaToucbb,  Superintendent,  Geological  Survey  of  India. 

Calcutta,  Assam,  Sylhet. 

Calcutta. — The  monuttient  consists  of  a  massive  oblong  pedestal  built  of  bricky 
measuring  16  feet  a  inches  from  east  to  west,  and  13  feet  from  north  to  south. 
Mo  t    to      Sir      '®  ^*^  3  inches  in  height,  surmounted  by  a  taperii^ 

Williani  Jones.  Old  obelisk,  also  of  brick,  the  original  height  of  which  from 
Ceinctwv,  Park  Street,  the  ground  was  50  feet.  The  upper  6  feet  or  so  of 
tooth  ndo.  ^^^  y^^  ^^^^  broken  off,  and  the  fragments,  including  a 

conical  stone  cap  which  formed  the  summit  of  the  obelisk,  are  now  lying  at  the 
foot  of  the  pedestal  on  its  south-west  side.  The  longer  sides  of  the  monument 
run  E  20**  S  and  W  20®  N. 

The  brickwork  in  falling  from  the  top  has  struck  and  broken  off  the  edge  of 
the  cornice  running  round  the  top  of  the  pedestal  over  the  south-west  side,  rather 
to  the  west  of  the  centre,  the  mean  direction  of  the  break,  measured  from  the 
centre  of  the  obelisk,  being  S  20^  W.  The  stone  cap  struck  the  cornice  still 
further  to  the  west,  and  made  a  separate  fracture,  the  direction  of  this  from  the 
centre  being  S  53°  W.  As  the  stone  cap  was,  however,  fixed  to  the  monu« 
ment  by  an  iron  pin,  it  is  likely  that  the  latter,  striking  against  the  sides  of  the 
monument,  caused  the  cap  to  be  deflected  in  its  descent,  and  the  fracture  caused 
by  the  brickwork  probably  represents  more  nearly  the  actual  direction  of  the 
shock. 

This  monument  consists  of  a  square  brick  pedestal  about  six  feet  in  height^ 

with  an  ornamental  cornice  and  frieze  running  round  the 
Mary  Aon  Wiltshire,  Old  top,  which  is  conical.  This  was  surmounted  by  a  brick 
Cemetery,   Park  Street,      and  plaster  urn,  fixed  to  the  pedestal  by  an  iron  pin. 

The  urn  has  been  shattered  into  fragments  and  fell  to 
the  south-west,  striking  the  cornices  in  three  places  in  a  direct  line,  the  directkm 
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of  which  is  S  27'  W  from  the  iron  pin,  which  still  remains  fixed  in  the  top  of  the 
pedestal. 

The  iron  framework  forming  the  top  of  the  spire  was  thrown  oS,  and  a 
number  of  bricks  were  dislodged  from  the  portion  of 
^''  '"'oikutu'^'''  "■*  ^P'"^  immediately  beneath  it.  Some  of  these  fell  to 
,  the  north    side   of    the     tower,    crashing'   through    the 

corrugated  iron  root,  but  the  larger  portion  fell  to  the  southern  side,  and, 
penetrating  the  roof,  struck  the  tiled  ceiling  of  the  Church  and  dislodged  some 
plaster  from  the  inside,  A  large  number  of  bricks  also  fell  down  the  sides  of  the 
■pire  on  alt  sides  and  lodged  un  the  gallery  running  round  the  base  of  it.  The 
iron  framework  was  projected  in  a  direction  S  31}°  W  from  the  centre  of  the 
tower,  to  a  mean  distance,  horizontally,  of  about  40  feet,  and  struck  the  corrugated 
iron  roof,  but  only  partially  broke  through  it.  The  top  is  described  by  eye-wit- 
nesses as  having  oscillated  for  some  time,  a  rain  of  bricks  falling  at  the  same 
time  from  the  base  of  it,  and  then  pitched  over,  coming  down  head  foremost. 
The  iron  stays  fixing  it  to  the  brickwork  of  the  spire  have  been  broken  through. 

Cracks  have  appeared  at  each  of  the  angles  where  the  body  of  the  Church 
joins  the  tower,  but  the  crowns  of  the  arches  supporting  the  tower  are  intact. 

At  the  south-east  comer  a  large  portion  of  the  cornice,  which  projected  four  feet 
from  the  top  of  the  wall,  has  fallen,  as  well  as  the  heavy 
balustrade  above  it  at  the  edge  of  the  roof.  The  corner 
pillar  of  the  balustrade,  a  large  mass  of  brick  masonry,  has  fallen  almost 
intact,  and  is  now  lying  31  feet  from  the  base  of  the  building,  in  a  direct  line 
with  the  eastern  wall.  The  height  from  the  ground  to  the  centre  of  the  pillar, 
as  it  stood  originally,  was  approximately  54  ieet.  In  falling  it  is  possible  that 
the  pillar  struck  the  cornice  and  was  thus  projected  further  from  the  building 
than  would  otherwise  have  been  the  case,  but  it  is  quite  likely  that  the  cornice 
fell  as  soon  as  the  balustrade,  and  did  not  affect  the  fall  of  the  latter.  The 
direction  of  projection  is  S  ao*^  W.  A  targe  portion  of  the  balustrade  ad- 
joining this  pillar  on  the  southern  side  of  the  roof  was  thrown  down  with  it, 
and  is  lying  at  the  same  distance  from,  and  parallel  to,  the  foot  of  the  wall, 

I.  Brahraapntra  above  GoaluDdo.  Proceeding  up  the  river  from  Goalundo,  I 
first  noticed  lissuring  of  the  banks  about  Sirajganj,  the  first  place  the  steamer 
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said  to  run  to  a  distance  oi  nine  miles  from  the  river,  and  very  likely  extends  mnch 
further  than  I  traced  it.)  This  fissure  runs  along  the  edge  of  a  tract  of  grounds  on 
which  the  village  stands,  rather  higKir  than  the  level  of  the  river  bank,  probably 
marking  the  line  of  an  old  river  channel.  Sand  and  mud  have  been  ejected 
from  the  fissure  to  a  depth  of  at  least  four  feet.  Other  fissures  branch  off  from  this 
through  the  higher  ground  to  the  north,  one  of  them  passing  beneath  the  huts  of 
the  villages.  Subsequent  to  the  ejection  of  the  sand,  the  surface  sank  down  to  a 
depth  proportional  to  the  amount  of  material  ejected,  and  several  crater-like 
hollows  were  formed  at  the  water  drained  back  into  the  fissure  (Plates  X  and 
XI).  Where  the  principal  fissure  crosses  those  parallel  to  the  river  bank,  the 
surface  of  the  ground  is  broken  up  into  a  number  of  square  blocks* 

3.  At  Jatrapur  the  narrow  gauge  railway  from   Kaunia  to   Dhubri  joins  tha 

river.    The  railway  bund^  is  much  fissured,  the  fissures 

Jatrapur.  running  parallel  to  the  bank  of  a  jheel  along  whkh  the 

railway  is  carried.     In  places  the  bund  has  subsided   vertically  by  settlement  and 

spreading  out  on  either  side  of  the  earth  composing  it,  and  the  rails  are  bent  and 

twisted. 

4.  Dhubri.     No  accurate  record  of  the  time  was  taken  at  the  Telegraph  Office, 
as  the  pendulum  of  the  clock  was  broken  by  the  shock.     It  is  estimated  to  have 

occurred   at  about  5-20  p.m.   local    time^   which  is  39 
'™*^  *       '  minutes  in  advance  of  Madras  time.' 

5.  The  gateway  faces  south-east.    The  pillars  are  of  square  section  i  foot 
Gate  pillar  at  Tdegmph      ^  inches  square  by  4  feet  10  inches  high,  built  of  brick. 

Office.  That  on  the  north-east  nde  has  fallen  towards  N  40°  E 

and  struck  the  bank  alongside  the  gateway,  rolling  off  into  the  ditch.  The  cappii^ 
has  turned  round  in  its  fall  and  is'  lying  with  its  point  facing  the  pillar.  The 
other  post  is  standing,  but  cracked  through  at  the  base. 

6.  This  is  a  strongly  brick-built  structure,  measuring  outside  80  feet  by  41  feet 

4  inches,  standing  nearly  cardinal,  the  longer  side  facing 
Treasury.  N  f  E.    It  is  divided  in  the  centre  of  its  length  by  a 

passage  eight  feet  wide,  i m  either  side  of  which  are  two  large  rooms.'  The  flat  roof 
is  supported  as  usual  by  strong  beams,  on  which  small  battens  are  laid,  whigh  in 
turn  support  the  tiles  of  the  ceiling.  In  the  passage  way  the  beams  run  east  and 
west,  the  battens  north  and  south,  while  in  the  rooms  the  position  of  the  beams  and 
battens  is  the  reverse  of  this.  In  the  passage  way  the  battens  have  been  dislodged 
some  of  them  having  fallen  out  and  all  having  moved  more  or  less  out  of  their 
places.  In  the  side  rooms,  on  the  contrary,  the  battens  have'not  moved  at  all,  but 
the  beams  can  be  seen  to  have  moved  backwards  and  forwards  on  the  walls.  The 
upper  part  of  each  corner  of  the  building  has  fallen,  in  the  most  symmetrical 
manner,  for  about  eight  or  ten  feet  from  the  roof. 

7.  This  is  a  hexagonal  brick  structure,   two  storied,  measuring  9  feet  6  inchea 

on  each  side  (outbide  measurement).     The  door  faces 
Observatory.  S  IS**  E.    From  the  top  of  the  door-way,  7  feet  6  inches 

'  Etnbankment. 

*  The  Cutcherry  and  Treasury  clocks  both  stopped  at  5i  minutes  past  5  p.m. 

>  ».#.,  four  rooms  in  all. 
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above  the  plinth,  a  crack  runs  di&gonally  up  to  the  roof  on  the  eott  Me,  pmtng 
thtiiugh  the  snnall  hexagonal  window  on  thu  aide.  A  portion  of  the  cornice  has 
fallen  from  the  east-south-east  and  north-eaat  sides. 

7(«).  The  thermometer  shed  is  in  front  of   the  observatory  building.    A  pUn 

t      ..       °f  this  is  given  in  fig.  94.    It  consists  of  a  thatched  roof 

-HKmiometCT  >l»d.      ^^  ^^^  ^^  ^^^^  ^^^  pjj^^_  ^j^  ^  ^^;^  ^  cnwked 

through  near  the  base  and  twisted  in  the  direction  of  the  hands  of  a  watch 
from  s  to  13  degrees. 


Fig.  34.  PUn  of  pillars  of 
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on  the  ffround  away  froin  thewdl,  while  the  fourth  .on  the  south-east  side  is 
still  partly  standing,  but  cracked  through.  The  well  was  originally  about  30  feet 
deep  and  held  about  ao  feet  of  water.  It  is  now  filled  up  with  sand  to  nearly 
one  foot  below  the  surface  of  the  water. 

10.  The  greater  part  of  the  station  of  Dhubri  is  built  on  a  low  eminence  of 
Fissures    along    river     i^s8>  bounded  on   the  north,  east  and  south  by  the 

bank,  etc  river,   and  to   the   west   by   alluvium,  on  which   the 

bazar  is  built.  This  portion  of  the  station  has  suffered  severely  from  fissuring» 
especially  near  the  banks  oi  the  river.  Several  high  bunds  which  run  due  north 
from  the  basar  to  the  road  connecting  Dhubri  with  Kuch  Bihar  have  been  fissured 
transversely  at  intervals  of  a  few  feet,  and  settled  down  considerably. 

11.  From  a  letter  written  after  the  earthquake  by  the  Deputy  Commisskmer, 
Effects  of  earthqaaka      Mr.  Hallifax,  to  the  Commissioner,  Assam  Valley  Dis- 

in  district.  tricts,  dated  24th  June  1897,  ^  obtained  the  following 

particulars  :— 

At  Gauripur,  5I  miles  to  north  of  Dhubri,  pucca  buildings  and  bridges  were  alt 
destroyed  and  low-lying  places  filled  with  sand.    The  time  is  given  as  4-30  p.m. 

At  Sukhchar,  a  khal,  300  X  78  ;^  5  feet,  was  entirely  filled  with  sand  ejected  from 
fissures,  which  is  said  to  have  spouted  up  to  a  height  of  10  cubits. 

At  Mankachar  (Lat.  25**  32 ,  Long.  89®  55'),  the  thana  is  said  to  have  sunk 
4  cubits.  The  river,  which  was  30  feet  deep  before  the  earthquake,  was  choked 
with  sand  to  within  8  feet  from  the  surface,  and  heavy  floods  occurred  in 
consequence. 

At  Bijni  (Lat  2^  30',  Long.  90**  45'),  sand  and  water  were  forced  up  to  a  height 
of  4  or  5  cubits.    The  time  of  shock  is  given  as  4-55  p.  m. 


IMMh^iiMl* 


Fig.  as.    Of erthrow  of  plant-tuba  at  the  Assbtant  Commiaaioner's  bungalow,  Gk)al|Nmi. 

12.  Goalpara.  The  Assistant  Commissioner's  bungalow  is  situated  on  the  crest 
of  a  ridge  of  gneiss  overlooking  the  river,  running  from  south-east  to  north-weal. 
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The  bungalow  itself  has  entirely  fallen,  the  general  direction  of  (a11  bdng  towards 
Auiitant       Cominif       north.    In  front  of  it  ifl  a  flight  of  Steps  eight  in  number 
•ioinr^  bungalow.  (see  fig.  35),  on  the  topmost  of  which  Stood  two  tubs, 

one  at  each  side,  filled  with  earth.  Both  of  these  have  toppled  over  and  nJled 
down  the  steps,  both  falling  in  exactly  the  same  direction,  to  N  3"  W.  They 
seem  tohavestruck  the  third  step  from  thetop  in  falling  and  then  turned  com- 
pletely over.  It  is  possible  that  the  tubs  were  jerked  forward  to  the  edge  of  the 
steps  by  the  shock  and  then  tilted  over.  I  f  they  were  lii'st  tilled  up,  it  would,  I 
found  by  trial,  require  an  angle  of  tilt  of  35°  to  cause  the  ttAi  to  slip  ofi  the 
edge  of  the  step.' 

The  cemetery  is  situated    on  the  south- southeast  slope    of  the  ridge,  the 
average  angle  of  slope  being  15°.    The  monumenia  are 
Cemetery.  mostly  of  the  oblong  box  form,  common  some  50  years 

Tomb    of    M  rt.    Ana      ^^^^  ^^j^jj  j[,^j.  \^g^  j,,^  ]yj„g  ^g^i  m  ^j^t^  ^r  trans- 
verse to  the  slope  of  the  hill.    Mrs.  Simons'  tomb  has 
f.tllen  over  to  S  ^  E  without  tireaking,  and  now  stands  at  an  angle  of  34'  from  the 
vertical. 
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turned  oVer,  since  the  apex  is  now  lying  at  the  foot  of  the  railings  turroimding 
the  tomb.  It  just  touched  the  top  of  one  of  the  spikes  of  the  railings  in  falling 
and  bent  it  slightly  outwards. 

A  square  column  at  the  lower  end  of  the  Cemetery  has  fallen  over  to  E  30*  S. 
This  measures  3  feet  5  inches  high  by  i  foot  10  inches  square,  with  a  conical  cap 
a  feet  4  inches  square  by  i  foot  6  inches  high. 

Two  other  tombs  similar  to  that  of  Mrs.  Simons  have  slipped  ofi  their  founda- 
tions and  heeled  over  to  south  without  breaking. 

All  these  tombs  are  built  of  brick  masonry. 

14.  The  Treasury  was  a  massive  brick  building  standing  at  the  foot  of  tht 

hill   near    the    river     bank,  and  facing  N  17'  E.    A 
reasury.  portion  of  the  front  of  the  building  has  fallen  out,  and 

the  west  end  is  also  destroyed;  the  remainder  is  greatly  cracked. 

15.  A  large  fissure  opened  beneath  the  houses  along  one  side  of  the  baiMir, 

running  roughly  parallel  to  the  river  bank,  in  a  westeriy 
Bazars.  direction.     From  this  a  large  quantity  ol    sand    wat 

ejected,  filling  the  interior  of  the  houses  up  to  the  eaves.  The  surface  of  the 
ground  then  subsided,  carrying  the  houses  with  it,  so  that  the  roofs  are  now 
resting  on  the  sand  (Plate  XXII,  fig.  i).  A  view  of  the  fissure  at  the  eastern  end 
of  the  bazar  is  given  in  Plate  XX 11,  fig.  2.  A  well,  seen  at  the  left  hand  9idc  of 
the  picture,  was  entirely  filled  with  sand,  which  was  ejected  with  such  violence 
that  the  wooden  cover  of  the  well  is  said  to  have  been  hurled  through  the  air 
to  a  distance  of  several  yards.^ 

16.  The  Telegraph  Office  was  destroyed  entirely  at  the  b^inning  of  the  shock 
Time  of  shock.  and  the  time  was  not  notad. 

17.  At  the  time  of  my  visit  slight  shocks  of  earthquake  were  very  frequent. 
^  hm^  h  h  As  a  rule  each  shock  was  accompanied  by  a  more  or 
Subsequent  shocks.         j^^  distinct  booming  sound,  apparently  proceeding  from 

the  south-south-east,  and  generally  heard  slightly  in  advance  of  the  shock. 
Frequently  the  sounds  were  heard  without  any  shock  following,  and  they  then 
resembled  very  closely  the  well  known  "  Barisal  Guns,'*  though  they  were  not 
so  sharp  and  well  defined  as  I  have  heard  them  in  the  south-western  porUon 
of  the  Garo  Hills. 

1 8.  Ganbati.  The  clock  at  the  Telegraph  O ffice  stopped  at  5*  1 5  p.  x.,  local  time^ 
which  is  46  minutes  in  advance  of  Madras  time.   The   cljck    is  said  to  have  been 

correct  within    oneor  two  minutes.    The  pendulum  WM 
broken  by  the  shock. 

19.  At  the  head  of  the  steps  leading  from  the  bungalow  to  the  river  bank, 
Deputy  Commissioner's     two  low  brick  pillars,  supporting  a  wooden  railing,  have 

bungalow.  fallen  to  S  30°   ^  and  S  40°   E,  respectively.    These 

were  3  feet  6  inches  high  by  i  foot  7  inches  by  i  foot  i  inch  on  sides,  the 
longer  sides  facing  &outh. 

20.  At  the  entrance  were  two  large  gate  pillars,  on  either  side  of  the  gateway 
Commissioner's  bun-      facing  west- south-west,  10  feet  high  and  2  feet  5  inches 

galow  gate  pillars.  square.    One  of   these  has  broken   through   at  a  feet 

I  See  p.  104. 
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9  inches  from  the  ground  and  twisted  6',  from  N  34*  W  to  N  30**  W.  The 
Other  pillar  is  broken  throu^  at  the  same  level  but  is  not  twisted. 

21.  Of  the  four   b<>'«  P'Hars  at  the  twa  entrances  to  this  bungalow,' three  are 

Old    Dtb     tnonlow     t»^kenoff   and  iwbted  in    the  same  directiun   as   that 

pilwf,   PI.  \xi,     mentioned    above.      The    fourth    pillar    hai   fallen    to 

'■  S  30°  W.    These  pillars  are  all  built  of  brick  masonry. 

93.  The  copmg  of  a  small  gate  pillar  in  the  compotind  wall    of  this  trunga- 

Ciril    Sn^reon's    boa-      low  was  shot  off  and  is  now  Ijlng  on   the  ground    at    a 

lalow  sate  pillar.  distance  of  4  feet  4    inches    from    the    centre  of    the 

pillar.    The  direction  in  which  it  was  thrown  wai  S  35"  R. 

33.  Both   the  cutcherries  were  wrecked,  but  a  great  portion   of   the    roof  of 
ConmiHioiKr'i       and       **'^  '"  ■'anding,  merely  the  walls  having  fallen.     The 
Deputy     Conmis^Dcr'B      Commissioner's  cntcherry  isshown  in  Plate  XX,  fig.  z. 
(utchnriM.  -j-j^g  ^g^f  ^f  ,[,jj  ^^^  partly  supported  by  strong  wooden 

posts.  The  Deputy  Commissioner's  cutcherry  (Plate  XX,  fig.  i)  is  in 
the  form  of  a  cross  with  equal  arms  facing  the  four  points  of  the  compass. 
The  roof  was  partially  supported  by  round  brick  pillars,  which,  though 
cracked  through,  have  not  fallen.  The  weathercock,  seen  m  the  photograph,  was 
an  efligy  of  a  peacock  and  has  tilted  over  to  the  north,  so  that  its  tail  is  hang- 
ing down  beade  the  rod  supporting  the  letter  N. 
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34«  On  the  west  tide  off  the   Deputy   Commtstioiier'e  compoand  a  low 

Compoand  wtlL         ^"  ™™  *^®"^  *^  '®*^'  ®"  ^^^^^  ■***^  *  Wuetrade 
'^  of  day  pilasters  supported  by  pillars  at  intervals   of 

about  II  feet.    Nine  of  these  have  fallen,  most  of  them  to  about  S  20^  E«  one 

to  N  jo^  W  and  another  to  N  35*  W.    The  wall  runs  E  32**  N,    W  3««  S. 

One  of  the  pillars  has  broken  off  at  the  top  of  the  wall  and  twisted,  without 

falling,  JO**,  from  N  25**  W  to  N  iS°  W. 

At  the  gateway  at  the  east  end  of  this  wall  both  pillars  have  fallen,  one 
due  west,  the  other  to  E  lo*"  S  (see  fig.  27).  At  the  western  gateway  there  were 
similar  pillars  which  have  broken  off  at  the  height  of  the  top  of  the  wall,  three  feet 
from  the  ground*  and  fallen,  one  due  N,  the  other  to  N  20^  W* 

25.  Most  of  the  tombs  here  are  of  the  common  square  or  oblong  box  shape 

built  of  brick  masonry  and  plastered.  That  of  G.  T* 
cemetery.  Bayfield,  died  September  1840,  was  surmounted  by  an 

obelisk,  the  greater  portion  of  which  has  fallen  to  S  20°  E.  A  similar  obelisk  close 
by  (F.  Gomes,  died  September  1848),  has  fallen  to  S  2f  E.  The  monument  shown 
in  Plate  XXI,  fig.  i,  is  of  precisely  similar  construction,  but  in  this  case  the  obelisk 
is  broken  across  at  about  half  of  its  height,  and  the  upper  part  has  twisted  4S^» 
from  N  18®  W  to  N  30®  E.  Close  to  this  are  two  tombs  standing  on  a  common 
plinth  and  precisely  similar  in  all  respects,  but  instead  of  conical  obelisks  they 
were  surmounted  by  cylindrical  brick  pillars  i  foot  6  inches  in  diameter  and  about 
4  feet  high.  Of  these  one  has  fallen  to  N  45°  W  while  the  other  has  gone  esactly 
at  right  angles  to  this,  via.,  to  S  45*  W.  Both  pillars  have  been  entirely  broken  up 
by  the  fall,  but  in  the  first  case  the  base  of  the  pillar  is  lying  at  a  greater  disUnce 
from  the  base  of  the  tomb  than  the  rest  of  the  pillar.  The  tomb  measures  3  feet 
square  by  4  feet  6  inches  high,  and  the  base  of  the  pillar  is  lying  at  a  distance  of 
12  feet  ffxmi  the  comer  of  the  tomb  nearest  to  it  The  top  of  another  obdisk 
(Samuel  Fleming,  died  May  1853)  has  fallen  to  N  45*  W.  The  lower  part  of  the 
tomb  on  which  this  stands  is  also  cracked  through,  at  a  height  i  foot  7  inches 
from  the  plinth.  This  tomb  measures  4  feet  9  inches  high  by  2  feet  9  inches 
square. 

Only  one  of  the  more  recent  tombs  has  been  affected  by  the  shock  (Miss  Lamb* 
died  April  1875)*  This  is  a  small  marble  pedestal  standing  on  a  brick  plinth 
and  surmounted  by  a  cylindrical  marble  pillar  3  feet  5  inches  high  by  11}  Inches 
diameter.  The  pillar  was  thrown  off  to  the  south  and  fell,  without  striking  the 
low  railing  surrounding  the  tomb,  and  is  now  lying  pointing  east  and  west  at  a 
distance  of  8  feet  6  inches  from  the  centre  of  the  pedestal.  It  may  have  rolled 
somewhat  after  touching  the  ground. 

This  cemetery  is  situated  on  the  alluvial  ground  to  the  south  of  the  station. 

26.  The  new  cemetery  is  situated  on  the  flanks  of  a  low  hill  of  gneiss  to  the 

M         ^^4^.„  e^st  of  the  station,  and  has  suffered  little  or  no  damage 

New  cemetery.  «i  ,  ,         «  .        1  «.  •.^^^ 

from  the  earthquake,  except  that  the  wall  surrounding  it 

has  fallen  at  the  north-west  and  north-east  corners  and  near  the  south*west 

corners.    A  marble  slab  on  the  tomb  of  R.  J.  Eades,  died  1884,  is  cracked  across 

the  middle,  the  crack  running  N  10®  £. 
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I  m  perfectly  new  brick  building,  but  is  greatly  damaged   by  the 
Ruloiyttelion.  *'"^''-     It  'ac«  S  10"  E.    The  centre  gable  haa  fallen 

out  on  both  sides  of  the  building  to  south  and  nonh 
iwpeaively,  the  brickwork  having  broken  up  into  large  masies.  The  end  watb 
east  and  west  are  cracked  but  standing,  the  cracks  running  diagona'Jy  tn  both 
direciions,  north  and  south,  at  an  angle  of  about  45*,  from  the  corners  of  the 
windows  in  centre  of  walls, 

28.  This  Temple  is  an  ocugonal  building  with  a  domed  roof,  built  of  tilea. 

Old       leopte      near      9  inches  X  7  inches  x  li  inches  in  siie.    '1  he  sides  being 

MMm.,  Elut.  E  15'  S  and  W  15°  N  have  fallen  outwards  altogether. 

and  those  facing  north  and  south  are  partly  fallen. 

ag.  This  is  a  brick  structure  with  a  flat  roof  supported  by  nunicrous  archn 

with  minarets  at  each  corner  and  on  either  side  of  the 

rt..m«U^4.  '*^S*  «"''■''  ««'•«■    The  larger    side,  toward,    the 

river,  faces  west.    Only  one  of  the  minareU   has  faJIen. 

that  on  the  north  side  of  the  central  arch  towards  the  river.    This  has  fallen  due 

west.    The  two  side  arches  at  each  side  of  the  central  arch,  and  those  at  each 

end  of  the  building,  are  cracked  at  the  crown. 

30.  At  the  western  «nd  of  the  Gauhati  Baiar  is  a  bridge  ol  three  ginJen 

_  .,         ,-      jT     1      carrying  the  Grand  Trunk   Road  over  a  small  stream, 

Bndee  on  Grind  Tiusk         ..  l  l  .1.    d     l^        .  ti.        ■   ■     .   ■         . 

Roul  west  ut  GaubUi.  which  here  joins  the  Brahmapulra.    The  original  length 

of  the  bridge,    as  measured  along  the  hand  rail,  was 

99  feet  4   inches,    while   the  present    length,  between  the   same  points  is  97   feet 

to  inches.     The  bridge  has  therefore  been  shortened    18  inches.    This  has  been 

caused    by    (issuring  of  the  banks  on  both  aides  of  the  stream,  the  abutments 

having  been  carried  forward.  One  of  the  piers  has  been  tilted  over,  probably  by  the 

thrust  if  the  girder.    There  are  no  cracks  in  the  abutments. 

31.  On  the  north  bank  of  the  Brahmaputra,  opposite  Gauhati,    are  some  old 
_  „    ,    .     temples  standing  on  a  rocky    promontory  immediatelv 

.ort"'        "  ov.,tb.ri,er.    Th«.  w.r.  tail!  ol  ia»  ,imil„  u,  thofi 

in  the  temple  above  mentioned.  All  except  one,  ahich 
is  at  the  base  of  the  promontory  close  to  the  water,  have  fallen,  the  tiles  having  slid 
oS  each  other  in  all  dir<H:tion3.  The  dome  of  the  one  which  is  standing  is  Split 
through  the  middle,  the  crack  tunning  N  15°  E  and  vertical. 

'ported   by   four    low 
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Garo  Hills,  to  the  south-west.  The  shock  was  immediately  preceded  by  a  noise  of 
the  same  kind.  The  river  became  filled  with  sand,  and  the  water  flowed  over  the 
surrounding  country.  At  Borpeta  the  water  continued  rising  till  the  19th  June 
and  the  station  was  flooded. 

At  Patti  Darrang,  10  miles  to  the  north  of  Gauhati,  an  old  stone  bridge,  said 
to  have  been  built  by  the  Mohamedans,  has  fallen. 

At  Hazu  16  miles  west-south-west  from  Gauhati,  the  Mahdub  or  Madhava 
temple,»  said  to  have  been  the  oldest  in  Assam,  has  also  been  destroyed. 

33.  Tezpur.    The  time  at  which  the  shock  occurred  was  not  observed  in   the 

Teh  graph  Oflfice  here. 

04.  The  east  wall  of  the  Church  has  fallen  outwards.     The   north  and   south 

walls  are  considerably  cracked.  The  cracks  run   vertically 
Church.  upward  from  the  crowns  of  the  arches  over  the  windows. 

At  the  western  end  of  the  Church  is  a  small  belfry  supported  by  tall  wooden  posts 
let  into  a  brick -an  d-cement  plinth,  raised  2  feet  9  inches  aboye  the  ground.  The 
posts  have  rocked  from  east  to  west,  forcing  out  the  bricks  and  cement  at  the  edge 
of  the  plinth  opposite  to  each  post. 

35.  In  the  Cemetery  very  little  damage  has  been  done  and   no  good  measure- 
ments could  be  obtained.    An  inverted  ghurra  on  the  top 
Cemetery.  ^^  ^  square  pillar  8  feot  high,  has  fallen  over  to  south,  and 

an  obelisk  on  another  tomb  has  been  cracketl  through  at  about  one-third  of  its 
height  from  the  top,  the  plane  of  the  crack  dipping  slightly  to  south-west. 

A  large  pillar  on  one  side  of  the  gateway,  measuring  four  feet  square,  has 
fallen  to  pieces,  the  greater  portion  having  gone  to  the  west.  The  corresponding 
pillar  is  badly  cracked  but  standing.     These  were  built  of  very  loose  masonry. 

36.  Beyond  the  cases  above  mentioned  I  could  find  no  overthrown  gate  pillars 

or  anything  of  the  kind  which  would  enable  one  to  de- 
termine the  direction  of  the  shock  at  Tezpur.     The  banks 
of  the  river  here  were  not  fissured,  and  1  did  not  notice  any  fissures  to  the  east  of 
Mangaldai.      Numerous  large  fissures  are,   however,   said  to  have  occurred  at 
Nowgong. 

37.  Assam-Bengal  Railway.  /I  went  out  along  this  line  as  far  as  the  bridge 
over  the  Kopili  river,  about  41  miles  from  Gauhati.  The  rock  cuttings,  in  gneiss* 
have  not  been  affected  in  the  slightest  degree  by  the  shock,  but  where  the  line 
passes  over  alluvium,  the  embankment  has  settled  down  carrying  the  rails  with 
it.  Many  of  the  culverts  are  badly  cracked,  apparently  from  the  same  cause  as 
has  affected  the  bridge  mentioned  above  at  Gauhati,  x;/*£r ,  the  fissuring  of  the  banks 
of  the  streams  and  the  consequent  sliding  forward  of  the  abutments  and  wing  walls. 
The  piers  of  the  large  bridge  over  the  Kopili  are  cracked  through  horizontally  at 
about  2  feet  above  the  ground  level,  and  the  girders  have  shifted  lengthways  on 
top  of  the  piers.     This  bridge  runs  east  to  west. 

38.  Shillong.    The  time  of  the  shock  on  the  12th  June  was  not  observed    accu- 
rately, but   it  is  said   to  have  occurred  at   5-15  p.m.,  local-time.     Since  the  first 

shocks  occurred  the  signallers  have  amused  themselves  by 
e  egrap         ce,  telegraphing  a  certain  signal  to  Gauhati  or  Sylhet,whenever 

1  This  temple  was  built  in  1672  Saka,  under  orders  of  the  King  Pramatta  Singha, 
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they  happcned;to  be  at  the  instrument  and  felt  a  shock,  at  the  saroe  time  receiving 
a  signal  from  either  of  those  places,  if  the  shock  was  felt  there.  The  Tel^raph 
Master  assures  nte  that  in  all  cases  the  shocks  are  felt  absolutely  simultaneously 
Bt  these  places.  I  asked  him  to  note  the  exact  second  at  which  a  shock  was  felt 
in  Shillong,  and  to  ask  the  signallers  at  Gauhati  and  Sylhet  to  do  the  same, 
but  he  assured  me  afterwards  that  no  difference  could  be  detected. 

He  also  informed  me  that  an  Assistant  was  sent  down  to  Nangpoh,  on  the 
Gauhati  road,  as  soon  as  possible  after  the  !:hock  of  the  ^3ih  June,  to  restore  com- 
munication with  Gauhati.  On  attempting  to  signal  through  a  single  wire,  with 
return  circuit  through  the  ground,  it  was  found  that  as  each  earthquake  shock 
occurred  the  current  was  interrupted,  or  even  reversed.  What  is  called  a  "  closed 
circuit"  was  being  used,  that  is,  the  current  was  kept  continuously  flowing  through 
the  wire,  and  interrupted  by  the  key  only  at  the  moment  of  sending  a  signal. 
Apparently  the  earthquake  shocks  set  up  currents  in  the  earth,  for,  when  a  second 
wire  was  used  instead  cf  the  eanh  as  a  return  circuit,  no  eSect  of  the  kind  was 
observed. 

39.  A  large  number  of  the  monuments  in  the  cemetery  were  affected   by  the 

shock.    The  cemetery  lies  on  a  spur  at  the  west  end    of 

Cemetery.  jj,g  station,  the  ground  sloping  at  an  average  angle  of 

about  7°  to  south  and  south-west.     The  greater  number  of  the  monuments,  of 

which  plans  are  given,  lie  close  together  on  the  more  level  ground  on  the  crest 

of  the  spur. 

M  '     WUIans  d  Jul*         "^^'^ ''  "  '""'^'^  ''*^'  4'  inches  thick,  restmg  on  a 

,886.  *  plinth  of  quartiite.'     The  slab  has  been  jerked  towards 

E  and  at  the  west  end,  slightly  to  S. 

G     B-    Nicholls,     d.  ^  marble    slab,  carved  into  a    cross,  resting  on  a 

M>yiBS9.  quartziie  plinth.      The   movement  of    this    has    been 

towards  S-E. 

This  is  a  granite  cross  standing  on  a  base  of  the 
same  rock  forming  three  steps,  the  lowest  of  which  is 
tilted  toEat  an  angle  of  a*  50",  while  the  upper  two  have 
fallen  over  with  the  cross  and  are  still  attached  to  it. 

This  is  a  similar   cross   but    built  of    marble.    The 

Mn>.  Spring,  d.  Decern'      lowest  step  has  tilted  over  at  an  angle  of  8°  30'.  the  next 

^'  *^^'  has  slid  off  and  is  resting  against  it,  while  the  cross  with 
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Mri.Sheri;(!,d.  August 
iSSr, 
PI.  XXXVIII,  fiff.  3. 


Captali 


Maitlind,    d. 


This  is  a  similar  tomb  to  ihe  last,  but  in  lhi5  ease  both 
slabs  have  been    jerked  lo  the  north-east.      The  upper 
e  then  slid  oR  and  is  lying  beside  the  lower. 
This  is  a  marble  crnss  standing  on  a  marble   pedestal, 
supported    by    four    narrow   strips  of    marble.     One   of 
these    strips  on  the    southern      side      has      been    jerked 
to  S-W  and  the  pedestal    has    slid    off    lo  S,    The  cross  then    fell  over  to 
aiching  on  Ihe  railings  of  the  adjoining  tomb. 

'his  is  a  small  dome-shaped  marble  slab  supported 
.   quarlzite   plinth.     The  slab    has   been   jerked    lo 


S  15°  W,  the  lop  of  it  c, 
Dauglu  Gray,  d.  Jun 


moved  two  inches 

same  direction,  and  has  been  jerked 

the  plinth. 


SE. 

This  is  a  freestone  slab  carved  into  a  cross,  resting  on 
3  thinner  slab  of  similar  material,  the  whole  supported 
on  plinth  of  quartzite  blocks.  The  lower  slab  has 
E,  while  the  upper  has  moved  three  inches  further  in  the 
S,  the  edge  of  it  resting  on  edge  of 


A  marble  slab  with  cross  carved  upon  it,  resting  on  a 

prxXXVllrfie  quartzite   plinth.     The  western  end  of  the  stone  has  been 

'      '   '       jerked  round  to  S,while  the  eastern  end  has  hardly  moved. 

This  is  also  a    marble  slab,  similar    to  the  last  but 

C.  A.  Eglinton,  d.  June     supported  on  four  oblong  strips  of  marble.    The  slab  has 

'^'  been  jerked  to  N  E,  while  the  strips  at  the  W  and  S  sides 

of  the  grave  have  gone  in  the  opposite  direction. 

A   small  marble-  cross  three  inches  thick  lying  on  a 
Small     tomb    without    quartzite  plinth.  The  cross  has  been  jerked  its  own  width 

This  is  a  small  freestone  slab  carved  into  a  cross 
;3iing  on  a  quartzite  plinth.  The  slab  has  been  jerked 
towards  S  E. 

In   this  case  the  marble  slab  carries  a  small  marble 
cross,  supported  on   three  steps  near  the  west  end.     The 
cross  has  not  fallen,  but  the  west  end  of  the  slab  support- 
ing it  has  been  jerked  to  the  sooth,  being  twisted  through  an  argle  of  15°. 

This   is  a  large  marble  slab   resting  on  a  quartxite 
"  P-^"P»"'c't»  ^-     plinth.    It  has  been  jerked  about  two  inches  to  E,  and 
the  eastern  end  has  moved  slightly  to  south,  This  tomb 
lies  on  the  slope  of  the  spur  near  the  south-east  corner  of  the  cemetery. 

This  is  a  small  tomb  consisting  of  two  oblong  blocks 
of  quartzite  with  a  small  marble  cross  let  into  the  centre 
ol  the  top.    The  blocks  have  been  jerked  towards  S  rather  more  at  the  western 
end  than  at  the  other. 

This  is  a  similiar  tomb  to  the  last,  but  in  this  case 
there  are  four  blocks  of  quartzite  covering  the  slab  sup- 
^269) 


Alfred  Goldnsy,  d.  July 


R.  D.  Praicr, 
1S84. 
PI.  XXXVIII,  fig.  I. 


October  il 


Cecil  Skene. 


2J0  OLDHAM:    GREAT   EARTHQUAKE   OF    1897. 

porting  tliecruss.  The  whole  have  been,  jerked  in  the  same  direction  a«  the  other, 
but  the  block  on  the  south  has  separaleil  from  the  others  and  fallen  over  the 
edge  of  the  phnth. 

At  the  top  of  the  cemetery  near  the  north-east  corner  three  crosses  have  fallen 
due  W  and  broken  up.  The  headstone  of  another  grave  near  theae  ha>  broken 
off  a  few  inches  above  the  ground  and  fallen  10  E, 

40.  The"pillars  on  either  aide  of  the  gateway  are  built  of  cubical  bktcks  of  stone 

F«n."on-.    Hotel    p.W     "■!**   =   ^^^^^   «one   coping    facing   the    tour    cardinal 

pjll^ri  points  very  nearly.  That  on  the  south  side  of  the  gateway 

PI.  XXXIV.  has  fallen    due  N.      The  other    is  sUnding.  but  has 

t  wisted  about  ^,  from  N8°  E  to  N3°  E.    The  cubes  have  each  an  iron  pin  let  into 

the  centre,  which  fits  into  a  hole  in  the  cube  above. 

41.  These  pillars  are  similar  to  the  last,  but  the  blocks  measure  i6*Xl6*X  to'and 

the  coping  ai'xai'x  3*.  One  of  them  has  Fallen  to  Nio*E> 

tngliibr  gate!  pilUn.         The  other   has   not  fallen  in  any  particular  direction,  but 

the  stones  are  lying  scattered  round  the  base.    Theae 

pillars  were  not  able,  however,  to  fall  freely,  as  the  wire  fencing  surrounding  the 

compound  n'35  attached  to  them. 

Two  pillars  on  the  opposite  side  of  the  road  from  this  house,  built  of  ofalong 
blocks  of  stone,  have  both  fallen  due  S. 

43.  Theae  were  two  pillars  built  of  rubble  stone  masonry, 

^^  Ashl«y  Hall   gate   pll-     ^^^^  ^^,^g^  gi^g,   ^   ^^  fg^j^^  ^„„h  and  south.     Both 

have  fallen,  the  one  due  N  and  the  other  due  S. 

4J.  These  are  two  strongly  built  pillars  of  cut  stone,  neither  of  which  has  fallen. 

They  are  both  a  good  deal  shattered  near  the  base,  and 

.^^^*"""''^^«'^^'    the  one  on  the  western  side  of  the  gateway   has  shifted 

PI.  XXXIV.  bodily  above  the  second  course  from  the  base  to  the 

north-west,  twisting  slightly,  from   Ni5°E  to  Ni8°E,  at 

the  same  time.     'The  other  pillar   has   also  twisted,  the   greatest  amount  of  twist 

having  taken  place  between  the  4th  and  5th  courses  from  the  base,  from  Ni5''E  to 

Ni9''E.     The   lower  seven  courses  of  this  pillar  are  more  or  less   shattered.     Each 

pillar  supports  a  heavy  iron  gate,  which  was  standing  open  at  the  time  of  the  shock . 

44,  One  of  the  pillars  of  the  gateway  of  this  house,  built  of  squared  sloae  blocks, 

has  fallen  to   N  10' W.  the  pillar  faced  N  40°  W,  and 

was   5   ft.  a   in.   high  by   3   ft.    square.   The  correspond- 
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pyramidal  »looe  measuring  about  I  font  on  sides,  had  been  carried  from  the  posilian 
in  which  it  fell  before  I  saw  ii,  but  [  wasable  toidetitify  fourof  the  blocks  immediately 
beneath  this,  and  the  positions  in  which  they  fell  are  shown  in  the  plan.  The 
three  blocks  seen  in  the  sketch  on  the  Cop  of  the  portion  oF  the  pedeecal  still 
slanUing  are  twisted  slightly  towards  the  east. 

47.  The  large  bridge  on  the  Gaiihati  Road  about  i  j  miles  from  Shillorg,  over  the 
Umkra  river,  has  suffered  severely.    The  abutment  on  the 
siiulh'Cast  side  fell  entirely,  carrying   the   girders  with  it; 
The  tH'O  piers  and  the   abutment   on   the  noith-nest   side, 
of   more   recent  construction,  remained   standing,   though   somewhat 
It   appears  that   the   piers  were   recently  widened  and  thai  the  vertical 
r  the  ion'er  sides  of  them  occurred  at  the  junction  of  the  newer  aod  older 


Gauhati 


masonry. 

48.  Numi 


landslips  have  occurred  along  the  steep    hill  sides  between 

LandslipE,  Sbillong  and  the  crossing  of   the   Umiam    river,  8   miles 

PI.  111.  '  from  the  station.     At   the     Bishop's    Fall,  about  a  miles 

from   Shillong,  the   precipitous  cliff    on  the  right  of  the  fall,  down  which  the  path 

was  carried,  slipped  down  entirely  into  the  basin  at  the  toot  of  the   (dll.     The  crest 

cf  the  fall  was  not  affected,  as  it  is  formed  by  a  strong  dyke  of  diorile.    The  nearly 

vertical   quartzites   have   been    shaken    away    from   this  dyke.     Some   fine   slips 

are   seen   on     the  hillside  facing  the  fall.     A  view  of   these  is  given  in  PI.  Ill, 

^g.  At  the  Khasia  Baiar  at  Maokhar,   jusl   outside  Shillong  on   the  Gauhati 

Kh     a     orolith!  road,  was  a  collection  of  the  large  monolilhs    of  quart  lite 

set   up   in    former   times    by   the    Khasias   as   ancestral 

memorials.     Several  of  these   have   fallen,   the  majority  between    W   and   S  W, 

but  one  or  twohave  fallen  due  N.    Some  of  Ihem  are  broken  through  at  ground 

level  or  a  foot  or  90  above  it. 

50.  Maophlcuig.    At  ihe  llak  bungalow  at  Maophlang,  14  miles  to  the   south- 
west of  Shillong,  there   were   four  large  monoliths  in  a  line  running  W.   30' S  to 

Khasia  monolith!.  E  30°  N.     Two  of    these    have  fallen,   both  to  S^o"  W. 

One   of  these  was  20  feel  high  by  4  feet  3  inches   broad 

and  9  inches  thick  al  the  base,  slightly  tapering  towards  the  top.  This  has  broken 

ofl   at  3    feet   from  the  ground.     The   other  was  14  feet  high  and  has  broken   oB 

at  ground  level. 

51.  Mr.  Evans,  the  Missionary  at  Maophlang.  informed  me  that  soon  after 
_  .  ,  ,  the  earthquake  his  attention  was  called  bv  one  of  his 
Reported  ehinee      of  ,.      .  ,  ,...,.... 

levd  ,n  hilii.  converts,  a  Khasia,  to  the  aspect  tif  the  Ml  immediately  to 

the  west  of  Ihe  village.  These  hitis  are  separated  from 
that  on  which  Maophlang  stands  by  a  deep  valley,  through  which  one  of  the 
tributaries  of  the  Bngapani  runs.  It  .Tppeared  to  Ihem  that  beyond  the  hill  on  the 
west  side  of  this  valley  they  cuuld  see  more  of  the  distant  hills  than  before,  and  they 
came  to  the  conclusion  that  the  intermediate  range  of  hiils  had  subsided.  The 
furthest  peaks  they  can  see  from  MaophlanK  are  some  four  or  five  miles  dL-itant,  Of 
course  an  elevation  of  the  more  distant  hills  or  of  that  on  which  they  were  standing, 
would  produce  the  same  apparent  effect  as  a  subsidence   of  the  intermediate  hills 
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and  if  any  change  o[  level  has  taken  place,    I  should  think  it  more  likely  that  it 

wouldbeeleration  than  subsidence.  The  hills  to  the  west  of  Maophlang,  judging 

from  the  number  of  landslips  visible,  have  evidently  been  very  severely  shaken. 

5a- The  Khasia   path   from    Maophlang   to   Cherrapunji,  which  is  part  of  the 

_.  .,  old    main   road  across  the  hills  from  Tharia  Ghat  to 

Road  to  Cherr«pun],.  Gauhati,  has  not  suffered  much,  as  it  usually   avoids  the 

side  slopes  of  the  hills.    The  cart  road,   however,  from   Shillong  to  Cherra  has 

entirely  disappeared  in  places,  wherever  it  was  carried  along  the  edge  of  the 

scarps  above  the  stream,  which  runs  in  a  deep  gorge  to  the  east  of  Cherra,  and 

is  everywhere  badly  fissured, 

53.  Cherapnnji.  The  monument  erected  by  the  Supreme  Government  to  the 
memory  of  David  Scott  is  a  very  massive  structure,  built  of  large  squared  blocks 
of  sandstone,  bound  to  each  other  with  iron  clamps.  The 
upper  portion  of  the  obelisk  has  fallen,  mainly  towards 
the  S  W,  but  some  portion  has  also  fallen  towards  N  N  E.  One  of  the 
loosened  stones  is  still  lying  on  the  top,  overhanging  the  southern  side  by 
about  ^  of  its  length.  The  whole  monument  above  the  two  steps  at  the  base 
has  moved  bodily  towards  S  W.  The  stones  of  the  lowest  course  of  the  pedestal 
have  been  shaken  apart  from  each  other,  the  one  on  the  west  side  having  been 
jerked  out  to  the  edge  of  the  step  below. 


David  Scotf  ■  m 
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54.  At  the  entrance  to  the  avenue  le^dingf  to  Mr.  IngHs*  house  stood  two  lofty 
Mr.  login'  bonae  gate     gate  pillars,  which  formed  a  conspicuous  object  in  the  land 
pillar's*  scape.    Novates  were  attached  to  them.    They  were 

built  of  rubble  stone  masonry.  Both  have  fallen,  but  in  difi^ent  directions,  as 
shown  in  the  plan,  fig.  28.  The  material  oi  one  lies  scattered  to  a  distance  of  19 
feet  from  the  base  of  the  pillar»  and  the  other  to  21  feet. 

Close  to  the  gateway  of  the  house  a  small  stream  crosses  the  road,  over  which, 
when  the  house  was  inhabited,  a  small  aqueduct  was  carried  on  a  series  of  brick 
pillars.  One  of  these  on  the  edge  of  the  stream  has  fallen,  and  the  corresponding 
one  on  the  other  side  has  cracked  across  at  the  base  and  twisted  through  5^  from 
N  25**  E  to  N  sd"  E.    The  pillars  «re  built  of  brick. 

At  the  gateway  leading  into  the  compound  of  the  house  an  ornamental 
pillar  standing  on  the  wall  surrounding  the  compound  has  broken  across  at  the 
top  of  the  wall  and  twisted  through  5°  from  N  54°  E  to  N  sS**  E.  The  height  of 
the  fracture  from  the  ground  is  4  feet  6  inches.  The  two  gate  pillars  have  fallen 
in  a  heap  in  the  gateway,  that  on  the. east  side  having  fallen  to  south-west.  These 
pillars  are  built  of  rubble  stone  masonry.^ 

55.  On  the  road  from  Cherra  to  Maosmai,  there  are  two  gate  pillars,  one  of 
which  has  fallen  to  N  50°  E,  while  the  other  is  not  even  cracked.  These  are 
cylindrical,  2  feet  in  diameter  and  7  feet  high,  built  of  rubble  stone  masonry. 

56.  All  the  tombs  are  of  the  oblong  form  with  sloping  tops  common  50  years 

Cemetery  *^°'  ^"^  ^^^  ^^^   ^"*^*  °^   rubble  stone  masonry.    Very 

Plate  V.  '  few  are  broken  up,  but  nearly  all  have  sunk   down  into 

the  loose  sand  beneath  them,  and  are  leaning  over  at 
various  angles  to  the  north.  The  cemetery  is  situated  on  the  top  of  one  of  the 
small  knolls  of  sandstone  which  are  scattered  over  the  Cherra  plateau.  This 
sandstone  originaHy  rested  upon  the  limestone  of  the  plateau,  which  has  been 
dissolved  away  from  beneath  it,  and  is  accordingly  much  broken.  The  earthquake 
seems  to  have  shaken  the  surface  down  into  a  perfect  quicksand,  into  which  the 
tombs  sank.  ^  / 

57.  Maosmai.    At  the  village  of  Maosmai,  on  the  edge  of  the  cliffs  about  3  miles 

south  of  Cherra,  there  are  two  well  known  groups  of  Khasia  monoliths  of  unknown 

„.    .  ,.,.  antiquity,  from  which  the   village  takes  its  name  (the 

Khatut  monoliths.  /  ,  .      i.    ,1     •         v      i  u    -u 

stones  of  the  oath  of  allegiance).    In  each  group  there 

are  five  stones  ranging  from  about  12  to  18  or  20  feet  high.    They  stand  in  a  line 

facing  due  east  on  the  edge  of  the  stream  running  through  the  village.  1  found  that 

one  stone  in  each  group  had  fallen,  in  each  case  due  W. 

In  the  larger  group  the  fallen  stone  measures  14  ft.  x 3  ft.  X  r  ft.   In  the  smaller 

12  ft.  X  3  ft.  X  I  ft.    They  were  let  into  the  ground  to  between  a  foot  and  18  inches. 

58.  I  asked  the  missionaries  both  at  Chf^rra  and  Maopblang,  whether  it  was 
likely  that,  in  case  any  of  these  monoliths,  which  are  found  all  over  the  hills,  had 
t>een  overthrown  by  a  former  earthquake,  the  Khaslas  would  have  set  them  up 
again.  They  said  that  it  might  be  done  in  the  case  of  well  known  and  venerated 
stones  like  those  at  Maosmai,  but  in  ordinary  cases,  where  they  were  put  up  by  the 
members  of  a  family  in  memory  of  an  ancestor,  no  one  after  a  generation  or  two 

I  For  plans  of  these  two  pillars  see  plate  XXXV. 
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wonid  take  any  care  of  ihcm.  It  trems  then  that  atthe  erection  of  the  monoliths 
must  date  backc  to  a  remote  antiquity,  and  u  the  Khanaa  have  for  feneralioa* 
reglectedthe  custom  uf  putting  them  up.no  shock  at  all  comparable  to  that  of 
the  lath  June  last  can  have  visited  the  country  far  very  many  year*. 

59.  Sylhet.  TheTelegraph  Master  can  give  no  accurate  Information  u  lolbe 
time  the  shock  occurred,  but  says  that  it  was  between  5-15  and  5-30  p.h^  local 

Time  of  thock.  time,  which  is  47  minmes  in  advance  of  Madras  time.' 

60.  All  the  puUic  buildings  in  S>lhet  suffered  more  or  less,  but  many  of  tbem 

are  still  standing.  Several  are  built  on  a  narrow  strip  of 
Public  buildi^i.  land  between  the  bank  of  the  rivCT  and  8  large   tank,  the 

Nawab  Talao,  and  it  ia  likely  that  they  were  affected 
quite  as  much  by  settlement  of  the  ground  as  by  the  shaking  they  received.  Since 
the  earthquake  occurred  many  of  the  cracks  in  these  buildings  running  parallel  to 
the  edge  of  the  river  or  tank  have  opened  out,  more  than  at  first,  which  fact 
certainly  points  to  a  gradual  settlement  of  the  soil. 

61.  This  pillar  stood  at  the  head  of  a  flight  of  steps  leading  down  to  the  water 

at  the  north-east  cornerof  the  Nawab  Talao.  The  corre- 

*"  Tdil"'''' "'  """''    sp''"*''"^  pillar  «t  the  other  side  of  the  steps  has  not  fallen 

and  is  not  even   cracked.    Th«  fallen  one  broke  ofi  at 

ground  level,  and  apparently  fell  in  a  northerly  direction,  but  stnick  the  wall  on 

that  side  and  rolled  of!  to  the  west. 

A  gate  pillar  at  the  side  of  the  road  near  the  Government  School  fell  towards 
N4o*B  and  broke  to  pieces  in  the  fall.  Another  near  the  Deputy  Commissioner's 
bungalow  fell  due  N. 

6a.  The  cemetery  is  situated  on  a  tow  knoll  near  cantonments,  and  about  3  nules 
Ccmcter;.  north  of  the  river  bank.    Very  few  of  the   tombs  have 

been  damaged  by  the  shock.  They  are  nearly  all  fairly 
old  and  built  of  brick  masonry. 

A  tomb  near  the  east  wall,  without  any  inscription.  It  was  surmounted  by  a 
plaster  urn  fastened  to  the  top  of  the  tomb  by  an  iron  wire.  The  urn  has  fallen 
over  to  S  35°  B  and  is  now  lying  on  lop  of  the  tomb. 
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A  low  brick  pillar^  fig,  29,  built  of  bricks  rather  loosely  put  together.  The 
pillar  broke  across  at  about  9  inches  from  ^he  ground  and  fell  due  east. 

A  small  brick'pillar  2  feet  7  inches  high  by  i  foot  2  inches  in  diameter  to  the 
north  of  the  last  has  fallen  due  south.  The  top  has  turned  over  in  its  fall  and  is 
lying  3  feet  from  the  centre  of  the  pillar.  A  portion  of  the  side  is  lying  further 
away  in  the  same  direction  at  a  distance  of  5  feet  from  the  pillar. 

A  square  column  at  the  south  side  of  the  Cemetery  has  fallen  due  south* 
west  and  broken  up  almost  entirely.  The  pillar  was  probably  about  4  feet 
high  and  has  broken  off  at  18  inches  from  the  ground. 

63.  The  cantonment  was  situated  on  some    rising  ground  to  the  north-west  of 

the  Civil  station  and  nearly  a  mile  from  the  river  bank. 

A  Hindu  temple  near  the  hospital,  the  four  sides  facing 
the  cardinal  points,  has  been  cracked  in  a  curious  way  as 
ahown  in  fig.  30,  the  cracks  running  diagonally  from  corner  to  corner  of  the 
base.  On  the  sides  facing  north  and  south  a  horiiontal  crack  runs  along  at 
the  top  ot  the  base  beneath  the  dome.     On  the  west  side  there  is  an  arched  door* 


Cantonment. 
Hindu  temple. 


Fig.  30.  Hindu  Temple  in  cantonments,  Sylhet. 

way  and  two  cracks  run  diagonally  upwards  from  the  crown  of  the  arch  to  the 
base  of  the  dome.  The  wall  surrounding  the  temple  has  fallen  in  the  north  and 
south  sides,  in  each  case  to  south,  but  is  standing  on  the  east  and  west. 

A  gate  pillar  at  the  foot  of  the  hill  on  which  the  hospiul  stands  has  broken  off 
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at  ground  level  and  [alien  to  W  iS"  N.  It  stood  at  the  end  of  a  culvert,  the  wall 
of  which  may  have  interfered  wiih  its  fait.  The  correspondinf;  pillar  on  the  other 
side  of  tlie  culvert  is  not  cracked.  Both  are  built  of  brick  masonry,  1  foot  to  Inches 
square.    The  broken  piece  is  5  (eet  long. 

64.  At  the  entrance  to  the  bungalow  occupied  by  the  Eiecutive   Engineer,  on 

the  main  road  leading  north  and  about  a  mile  from  the 

^*iSwt«roed.      '^'''      t*''""'  **»  »  «■«"  f"""  '•'ic''  *«l«"  »a»  pumped  by  an 

engine  with  a  vertical  boiler.    Tl-e  boiler  has  fallen  over 

to  W  30"  5.     lis  dimen<,ions  are,  height  7  feet  9  inches,  diameter  3  feet   6  inches  ; 

chimney  of  sheet  iron,  height  4  feet,  diameter  10  inches. 

£5.  The  Church  has  fallen  entirely.     At  the  gateway  in  the  east  wall  iveretwa 

large  pillars  of  brick,  both  of  which  have    partially   fallen. 

Church  Eitevay.  The  one  on  the  north  side  of  the  gateway  apparently  fell 

due  north,  struck  the  chtirchyard  wall  and  rolled  ofi  to 

cast     The  other  fell  towards  W  ao'  S. 

The  churchjard  wassurrounded  by  alow  wall  on  which  stood  a  balustrade  of 
clay  pilasters,  supported  by  brick  pillars  at  intervals.  On  the  walls  facing  north 
and  south  these  have  nearly  all  fallen  to  the  south,  but  on  the  east  and  west 
walls  they  are  standing. 

66.  SonamganJ.    Everywhere  in  Sylhet,  so  far  as  1  saw,  the  banks  of  the  rivera 

are  fissured  for  some  distance  from  the  edge,  in  the  same  way  as  those  on  the 

_  :     ,.    ,       .    Brahmaputra.   At  Sonamgani,  where  the  river  runsnearty 

Rmores  id    banks    of      ,  ,      ,        .      .  -i      .  ,    j~  ■     .. 

river*  aadjhecU.  due  west,     I  noticed  a  considerable  difference  in  the  way 

in  which  the  shock  had  affected  either  bank  of  the  river. 

On  the  north  side  a  large  slice,  some  50  or  60  yards  broad,  had  been  detached  and 

slipped   forward    and  downward,  the  portion   furthest  from  the  rivec  sinkti^ 

more  deeply  than  the  edge  of  the  hank,  so  that  there  is  now  over  30  feet  of  water 

over  the  inner  edge  of  the  slipped  portion,  while  ov-er  the  former  edge  of  the  tiank 

the  depth  is  only  8  or  10  feet.  As  the  houses  are  built  close  to  the  edge  of  the  bank, 

this  being  the  only  ground  in  the  country  that  is  above  the  usual  flood  level,  they 

were  carried  down,  and  the  inhabitants,  to  the  number  of   about  40  were  drowned. 

Qn  the  southern  bank,  liowever,  there   was  no  subsidence  of  this   kind,   but  the 

ground  was  fissured  to  a  distance  of  30  or  40  yards  from  the  edge  o^the  bank  by  a 

number  of  cracks  running  parallel  to  each  other  and  to  the  bank.     It   seems  that 

orth  side  the  bank  was  not  sufficiemly  supported  by  the  water  and  so  slid 
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able  to  carry  away  at  once.  It  ?s  extremely  likely  therefore  that  when  the  rivers 
rise  again  next  rainy  season,  if  the  rainfall  should  be  normal  or  at  all  above  the 
normal,  unprecedented  floods  will  occur,  and  it  is  possible  that  considerable 
changes  may  take  place  in  the  course  of  the  livers.  Moreover,  as  a  consequence 
of  the  enormous  landslips  that  have  occurred  in  the  hills  to  ihe  north  of  the  Surma 
valley,  the  hill  rivers  are  bringing  down  an  enormous  quantity  of  silt,  and  this  will 
tend  to  raise  further  still  the  beds  of  the  rivers  in  the  plains.  I  have  already  called 
the  attention  of  the  Chief  Commissioner  of  Assam  to  the  possibility  of  there  being 
very  high  floods  in  Sylhet  next  year. 

2.  Report  by  Mr.  H.  H.  Hayden,  Assistayit  Superinlcndent,  Geological 

Survey  of  India, 

Calcutta,  Northern  Bengal. 

Calcutta. — The  area  dealt  with  in  the  following  notes  includes  the  parts  of 
Calcutta  lying  in  the  neighbourhood  of  Theatre  Road,  Park  Street  Cemetery, 
Lower  Circular  Road,  Harrington  Street,  and  a  portion  of  Alipur  Lane.  The  notes 
refer  almost  entirely  to  the  effects  of  earthquake  on  the  houses  comprised  in  the 
above  areas ;  many  of  the  places  to  be  referred  to  were  visited  by  me  in  company 
with  Mr.  LaTouche,  who  has,  no  doubt,  already  handed  in  the  chief  observations 
of  scientific  value. 

As  regards  the  direction  of  the  shock  as  shown  by  fallen  objects;  observations 
were  taken  of  the  direction  of  fall  of  the  Cathedral  spire  and  portions  of  two 
tombs  in  Park  Street  old  cemeteries,  with  a  few  of  minor  importance,  chiefty 
relating  to  the  fall  of  portions  of  walls.  Measurements,  etc.,  were  made  by 
Mr.  La  Touche,  relating  to  the  Cathedral  spire  and  certainly  to  one  of  the  monu- 
ments in  Park  Street  Cemetery,  vi».t  that  of  Sir  Wm.  Jones.  The  other  tomb  was 
also  examined  by  me  in  company  with  him,  but  having  noted  down  the  results 
myself,  I  shall  give  them  here  in  case  he  has  not  already  done  so.  The  monu- 
ment is  in  the  northern  part  of  the  Old  Park  Street  Cemetery,  and  is  that  of  Mrs. 
Mary  Ann  Wiltshire  (1822).  it  is  a  massive  cuboidal  structure,  built  of  brick 
and  moriar,  and  having  a  somewhat  pyramidal  upper  portion,  which  was  sur- 
mounted by  an  urn.  This  urn,  which  was  merely  made  of  plaster  built  upon  a 
cylindrical  iron  rod,  was  thrown  down  to  S  24.3°  \V.  Another  monument  in 
Park  Street  old  cemetery  is  of  interest  owing  to  the  fact  that,  although  probably 
broken  previously  to  the  earthquake,  yet  it  did  not  fall  owing  to  the  shock. 
Although  it  was  carefully  examined  by  Mr.  LaTouche  and  myself,  we  could 
find  no  indications  of  the  fracture  being  a  recent  one ;  in  fact,  it  had  every 
appearance  of  having  been  in  the  same  condition  for  some  years. 

Among  buildings,  the  worst  falls  in  this  neighbourhood  took  place   at    No.  8, 
Circular  Road,  and  No.  44,  Circular  Road. 

At  No.  8,  Circular  Road,  much  of   the  northern  side    of   the  house  fell  out  to 
the  north,  while  very  bad  cracks  also  ran  through  the  house  from  north  to  south. 

The  B'l^iiist  Chapel,  No.  44,  Circular  Road,  was  Ladly  damaged,  and  the  root 
of  the  porch  fell  in.     The  building  faces  E  7^  N. 

The  porch,   which,   according   to   the   Baptist    Minister,   was    a    subsequent 
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RiUition  made  about  the  year  1850,  was  in  reality  Iktle  more  than  a  "lean-to,"  that 
■s  to  >ay,  it  was  not  bonded  into  the  main  portion  of  the  chapel,  but  was  merdy  built 
against  it,  the  beams  only  bang  built  into  the  main  wall.  Consequently  after  the 
shock  took  place,  the  periods  of  vibration  of  the  m^n  building  and  of  the  porch 
being  different,  these  two  structures  must  at  some  particular  moment  have  beoi 
vibrating  in  opposite  directions  j  the  result  ofthis  was  that  while  these  two  elements 
were  travelling  away  from  one  another,  some  of  the  wooden  beams  supporting 
the  roof  of  ^e  porch  and  running  nearly  east  to  west  drew  out  and  fell  down,  but 
when  the  two  vibrating  bodies  were  approaching  one  another  the  beams  were 
thrown  into  a  state  of  compression.  Some  of  the  beams  of  the  porch  were  of  wood, 
while  a  few  consisted  of  iron  girders  put  in  at  different  times  to  replace  unsafe 
wooden  ones.  One  of  these  iron  girders  furnishes  ample  proof  of  the  existence 
of  ths  above  strain,  for  it  has  remained  fixed  at  both  ends  but  has  been  bent 
in  the  middle  owing  to  horizontal  thrusts  from  the  ends. 

The  remaining  observations  are  of  no  great  value,  referring  chiefly  to  the  fall 
of  parapets  and  to  the  directions  of  cracks  through  the  houses. 

Thecracksmay  bedivided  in[o  two  sets,  those  running  north  and  south  and 
those  running  east  and  west ;  the  former  would  be  due  to  the  fact  that  the  structures 
vibrated  east  to  west,  and  the  latter  to  vibrations  at  right  angles  to  that  direction : 
and  during  the  earthquake  the  existence  of  these  vibrations  was  deaify  seen. 
A  good  example  is  found  in  No.  13,  Theatre  Road,  which  house  I  was 
carefully  watching  throughout  almost  the  whole  duration  of  the  earthquake. 
When  I  reached  the  compound  (a  few  seconds  after  the  first  tremor),  I 
found  that  the  house  was  violently  vibrating  east  to  west,  and  soon  a  crack  opened 
through  the  house  from  north  to  south,  and  the  western  third  of  the  house  oould 
be  seen  vibrating  outwards,  the  large  cracks  opening  as  much  as  four  inches  and 
then  closing  again.  This  was  observed  from,  the  southern  side  of  the  hoose. 
Suddenly,  however,  the  motion  appeared  to  change,  the  crack  in  the  south  wall 
ceased  to  open  and  on  passing  round  to  the  western  end  of  the  house,  the 
building  appeared  now  to  be  swinging  from  north  to  south  and  vertical  cracks 
began  to  open  over  windows  and  along  lines  of  weakness  in  the  west  wall,  but  tbey 
did  not  gape  to  nearly  the  same  extent  as  the  laige  crack  in  the  south  wall. 
Nevertheless,  judging  by  the  fallen  portions  of  other  houses,  the  greatest  damage 
was  due  to  this  second  series  of  vibrations,  for  at  No.  3,  Theatre  Road,  parts 
of  t^e  parapet  leil  from  the  notlh  »an.    At  No.  9,  Harringlon  Street  (Plale  X.XIll. 


thebaw. 

Examples  of  fsRs  to  east  and  west,'  however,  are  not  wanti'i^,  the  best  bring 
seen  in  the  Baptist  Cbapel,  No.  44,  Circular  Road,  alreadj  menlioned,  and  ths  ' 
house  No^38,  Chowringhee,  from  which  much  of  the  western  parapet  and  a ' 
verandah  on  the  west  stde  of  the  house  fdl. 
,  There  is  little  doubt  that  the  fact  that  greater  dama^  was  done  to  north  and 
I  south  walla  is  doe  to  the  peculiar  construction  of  Catcutta  houses;  for  tha 
majority  are  so  oriented  as  to  obtain  as  much  of  the  south  breeze  as  poteible^ 
and  consequently  they  are  in  most  cases  considerably  longer  from  east  to  west 
than  from  north  to  south,  and  are  therefore  more  stable  In  (he  [ormer  dtrec^on. 

CatcnttatoDaijiling.— Eastern    Bengal  State    Railway,  and  Darjiling    and 
Himalayan  Railway. 

No  damage  has  been  done  at  BaguU    beyand    cracks    in    the    houses, 
but  at  Kriskitagaf  many  houses    in  the  bazar    were 
Krishus>T.  badly      injored,    though     tew    actually      fell.      In     the 

European  quarter,  the  Collector's  house  and  the  house  of  the  District  Super- 
intendent of  Police  were  badly  damaged,  while  a  considerable  part  of  the  Joint 
Magistrate's  house  (ell  down.  The  east  gable  also  fell  out  of  the  kaelitri,  but  the 
Circuit  House,  which  Stands  only  about  50  yards  away,  was  scarcely  even 
cracked  ;  this  was  due  to  the  fact  that  it  was   a  low    building  and  fairly  new. 

The  church  of  the  London  Missionary  Society  suffered  severely  and  theste^e 
fell.     This  steeple^  which  was  over  the  porch  at  the  west  end  of  the  church,  did  fx>l 
Ft  bite  i  portioRS  appear  to  have  been  shaken  olT  at  various  times, -falling  in 


S-aT^W.     s.  aff*  w.      s.4r  w. 

S.i7i»E,         N.»7fW.         N.  iji*  E. 
N.  alPE.        E.asV  N.         E.aji'S. 

E.  aS-S. 

The  two  largest  masses  fdl  to  E.  vj\°  S.  and  E.  iiY  N.  rospdl!ve^: 
It  would  thus  seen  that  the  steeple  had  vibrated  in  almost  every  direction  [ 
but  it  is  more  probable  that  these  directions  are  merdy  modilications  of  two 
principal  vftirations  at  right  angles  to  one  another,  the  one  being  about  NC  to 
SW  and  the  other  SE  to  NW  :  and  that  partly  owing  lo  a  resultant  elliptkaJ 
motion  and  partly  to  unequal  reKstance  at  different  points  in  the  masonry,  ap- 
parent  irregularities  in  the  direction  of  overthrow  were  introduced. 

At  CAa^r«,  a  village  11  miles  north  of  Krishragar,  the  chureh    steeple    also 
^^  fdl :  the  main    portion  fell  to  S,    43^°  E-,    while    smaller 

portions  fell  in  varioui   directions.      Pinnacles  also  f 
the  corners  of  the  church  fell  B.  53*  N.  and  E.  32°  N. 

After  leaving  Bagula  no  ttrikiog  eBecis  of   the  earthquake  are  t 
reaching  the  Baral  river.    Here  the  railway  bridge  has  been  much  damaged ;  tbi 
.„  .,  massive    hexagonal  brick  piers  in  the  middle  of    the  r 

Daial  Brrfge.        ^^  ^^^  ^^  ,^^  ^^  ^^  ^^^^  woth-west.     In  ( 

sinking  amounted  to  11 1  inches  and  in  another  to  j  inches.  The  rails  01 
wendisplaced   tothe  west;    when  seen  by  me,  they  had  been  to 

(     '19    I 
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slraightened.but  the  engineer  in  charge  informed  me  that  the  diipUeement  haJ 
amounted  to  3  Feet  10  inches,  while  the  sinking  of  the  piers  had  converted  the 
line  into  a  switch* back'. 

From  this  point  onwards  damagehad  been  considerable   and  was  notkeable 

.  everywhere, and  on    reaching  the  ilfrai  river  (issurea    were 

seen  for  the  first  time;  here  t^ejr  run  almost  due  eait  and 

west,  parallel  to  the  banks  o(the  river,  and  continue  [or  several  hundred  yards> 

with  a  breadth  of  (on  an  average)  6  to  8  inches. 

At  ^(rif  railway  slationthe    btuldings  were  badljr  cracked,  and  portions  of 
the  houses  had  fallen. 

At  Raniiutgar  the  gronnd  was  much    fissured  ;  the  fissures    were  often   three 

hundred  yards  long  and  ran  parallel  to  the  railway,  and  the 

rails  were  frequently  displaced. 

In  this    neighbourhood    numerous    huts  collapsed,    chieSy   towards  the  east 

They  were  built  of  bamboo  and   thatch,  and  the  baaiboo  posts  had  in  most 

instances  broken  near  the  centre. 

At  Sultanpiir  the  railuay  station  and  other  brick  buildings  have    suffered, 

SdKsnpur,  S"'''*    *^"'    ""^   corners  having    fallen.    The    south 

western  corner  of  the   railway  station  fell  to  the   south. 

At    Tilakpar    several    bamboo  huts  collapsed,  but   the  railway  station,   which 

_,..  .  was  a  low,  squat  building,   ar.d  apparently  new,  wa» 

'  "*  '■  uninjured. 

At  Akhalpar   the  north-west   corner  of   the  railway  station  fell  to  east-soulh* 

Althilpur.  east,  carrying  with  it  part  of  the  roof  of  the  verandah. 

At  Saidpur  buildings  suffered  badly  :  several  houses  were  badly  cracked  and 
portions  of  walls  fell,    but  no  good    indi<:3lioiis  as  to  the 
**    '  direction  of  the  wave  were  obtiined. 

Three  miles  beyond  Saidpur  the  fissures  were  very  marked.  They  were  seen 
crossing  the  railway  transversely,  running  north  and  south  for  many  hundred 
yards,  and  of:en  having  a  width  of  over  3  feel. 

About  two  miles  beyond  ZJartvi'ii'  the  ground  is  much  fissured,  and  the  gate> 
house  at  telegraph  post  No.  139/23  is  completely  wrecked,  having  fallen  to  the 
cast. 

At   Nilphamari  milway  station  the  fissures  run  north  and  south,  and  are  often 
as  much  as   10  feet  wide,  while  areas  of  from  40  to  50 
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After  leaving  Haldibari  the  line  is  very  badly  damaged :  at  telegraph  fXMi 
I6i'8  the  gate-house  ia  cracked  and  the  south  wall  leans  outward,  gaping  7  inches 
at  the  top  and  about  i  inch  at  the  foot,  being  displaced  5°  from  the  vertical.  The 
fissures  here  run  from  S.  18^  W.  to  N.  18**  C.  Beyond  this,  deep 
fissuresi  varying  from  3  to  7  feet  in  depth,  run  along  each  side  of  the  rails  :  as  a 
rule  they  are  from  6  inches  to  i  foot  in  width,  but  in  places  wider,  in  which  case 
the  rails  and  sleepers  are  supported  only  by  a  narrow  column  of  earth  running 
along  the  centre  of  the  permanent  way. 

The  rails  also  are  often  displaced,  the  displacement  being  usually  towards  the 
west.  In  some  cases  the  displacing  force  has  been  sufficient  to  break  the  solid 
steel  rails,  but,  more  frequently,  fracture  has  taken  place  at  the  junction  of  the  rail*, 
the  fish-plates  being  broken  and  bolts  torn  out. 

At  about  halfway  between  Haldibari  and  Mandalghat  four  telegraph  posts 
have  fallen,  and  point  in  the  direction  W  10°  S:  this  observation  is,  however, 
of  no  great  value,  as  the  direction  of  fall  must  have  been  largely  modified 
by  the  pull  of  the  wires.  Here  fissures  run  transversely  to  the  railway  (S.  lo* 
E,  N  10**  W),  but  gradually  draw  away  from  the  neighbourhood  of  the  line 
and  strike  across  the  open  country   in  a  direction  S  g°  W,  N  9**  E. 

At  about  3  miles  to  the  south  of  Mandalghat  the  fissures  gradually  begin  to 

disappear,  and  at  Mandalghat  railway  station  they  are 
*"  *^  **  no  longer  seen.      Between    this  station  and   Jslpaiguri 

small  overhanging  banks  of  drains  and  ditches  have  collapsed,  but  no  true  fissures 
ere  seen. 

At  Jalpaiguri  some  little  damage  was  done :  the  post  office^  a  two  storied 

brick  building,  was  rather  badly  cracked,  while  some  of 
Jalpiican.  ^i^^  \wtwc  walls  of  the  new  club,  which  is  in  process  of 

construction,  were  damaged,  large  cracks  having  opened  in  directions  at  right 
angles  to  one  another  and  at  47°  to  the  horizon. 

The  only  actual  falls,  however,  took  place  at  the  District  Board  Office.  This  is  a 
rectangular  building,  24  feet  high,  and  with  a  flat  roof,  round  which  runs  a  parapet 
4'  5*  in  height ;  at  each  corner  the  parapet  was  surmounted  by  a  solid  cupola  i 
two  of  these  cupolas  fell. 

One  fell  in  a  direction  S  18**  E  and  stands  upright  on  the  ground  exactly  as  it 
originally  stood  on  the  parapet. 

Original  height  of  base  above  ground  =24  feet. 

Horizontal  distance  through  which  it  was  projected=:Sft.  6in.  from  base  of  wall. 

The  other  cupola  fell  N  2^°  W  and  lies  on  the  roof  at  an  horizontal  distance 
of  9  feet  from  its  original  position ;  the  height  through  which  it  fell  —  t.^.,  height  of 
parapet  from  roof=4ft.  sin.   It  is  probable,  .however,  that  it  rolled  over  after  it 

fell. 

At  Belakoha  railway  station  the  eastern  wall   of  the  station  house  is  cracked 

at  its  north-east  corner,  while  other  small  brick  buildings 
Belakoba.  -^^  ^j^^  neighbourhood  have  been  cracked,  but  no  serious 

damage  appears  to  have  been  done« 

Between  Belakoba  and  Siliguri  fissures  again  appear  at  telegraph-post  192/19} 
here  they  run  parallel  to  a  small  river  and  cross  the  railway  at  right  anglt» 
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They  are  apparently  only  3  to  4  inches  wide,  and  are  purely  local,  disappearing 
again  immediaiely.  nor  are  fissures  again  seen  till  some  miles  beyond  Siliguri. 

This  absence  o(  fissurei  between  Mandalghat  and  Siliguri  is  no  doubt  due  in 
great  part  to  local  peculiarities  in  the  soil,  which,  from  being  of  a  light  aandy 
nature  in  the  fissured  region,  gradually  assumes  a  dark  loamy  character,  and  it 
n-otild  appear  highly  probable  that  the  greater  tenacity  of  this  latter  enabled  it  b> 
withstand  strains  under  which  the  porous  and  ill-compacted  sands  gave  way.  A 
similar  absence  of  fissures  fur  a  considerable  distance  along  the  railway  to  the 
south  of  Kuch  Bihar   will  be  noticed  further  on  (p.  286). 

At  Siliguri  no  damage  appears  to  have  been   done,  in  fact  all  signs  of  a 
violent   earthquake   are  strikingly  absent:    the  railway 
^'*^  statfen  is  slightly  cracked,  bm  does  not  appear  to  have 

■uHered  any  damage  beyond  the  loss  of  a  few  loose  bricks ;  and  it  is  not  till  the 
Mahanadi  river  has  been  crossed  that  we  come  on  any  marked  effects  of  the 
■hock.  Between  that  river  and  Sukna  Railway  Station,  however,  the  ground  is 
fissured  in  several  places,  the  cart  road  which  runs  beside  the  railway  line  being' 
much  cut  up. 

Daijiling  and  Himalayaa  Railway.— Very  little  damage  was  done  at  any  part 
of  this  line,  though  many  of  the  bungalows  and  tea  factories  on  the  neighbouring 
spurs  suffered  considerably.  As  already  stated,  fissures  opened  between  Siliguri 
'  and  Sukna. 

At  Tindharia  railway  station  the  station  building  was  cradced  and  some 

stones  (ell  from  the  gables,  while  two  email  landslips 

Tiodharia.  occurred   on   southern   hill    slopes.      A   larger  landslip 

occurred  subsequently  (  June  34th  )  at  this   station,  and 

much  of  the  hillside  below  the  station  master's  house  was  carried  away. 

Oa^SiaC.— Here   the  most  striking  effects  of  the  earthquake  are  seen    in  Ihs 

large  numbers  of  chimneys  which  have  fallen.     Many  houses,  which  were  other. 

wise  uninjured,  have  been  badly  damaged  by  the  falling 

jiuiK.  ;^q[  (^g    great  heavy  chimney  stacks  which    crashed 

throughthe  roci,  breaking  everything  beforethem.    As  a  rule,  however,  they  are 

not  of  much  service  in  determining  the  direction  in  which  the   wave  travelled. 

A  chimney  on  Collington  fell  to  the  N  8°  E  while  the  western  chimney 
on  Dr.  Anderson's  house  on  Jalapahar  fell  E  S°  S. 

At  Snowy   View,  the  front  of  the  house  fell  out  to  the   north,  while  most  of  the 
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propped  up  on  end.    Here  one  tomb  fell  over  to  the  E  38°  S,  while  the  top- 
stones  of  several  others  are  tilted  to  £  38^  S  and  E  28"  S. 


K.4i[W: 


i^M*1W 


^ 


Pig.  3l«  Plan  of  twisting  of  obelisk  in  the  Cemetery  at 

Darjiling. 


In  the  European  Cemetery 
on  the  western  side  of  the  hill, 
below  the  Shrubbery  an  obelisk 
has  been  affected  in  a  very 
interesting  manner.  At  the 
plane  of  junction  between  two 
of  the  stones,  the  plaster  has 
given  way,  and  the  upper  por- 
tion of  the  obelisk  has  been 
disturbed  in  such  a  manner 
that  it  has  apparently  been 
twisted  through  an  angle  of 
about  2°  :  as  shown  in  plan  in 
figure  31.  The  monument  is 
built  of  sandstone,  of  which  a 
small  chip  gave  a  specific 
gravity  of  2*485 ;  this  gives  a 
weight  of  I2i  cwt.  for  the  upper 
part  of  the  monument. 


As  will  be  seen  from  plate  XXXII,  fig.  i,  the  chief  displacement  occurred  at 
the  third  joint  from  the  apex,  a  slight  displacement  also  occurred  at  the  next 
higher  joint,  but  was  too  small  to  be  measurable. 

[In  any  calculations  based  on  the  displacement  of  this  monument  the  factor  of 
the  adhesion  of  the  plaster  may  be  neglected,  as  the  layer  between  the  stones 
was  not  more  than  ,V  inch  in  thickness,  and  has  now  crumbled  almost  into  dust.] 

Besides  the  above  monument  a  few  tombstones  have  been  affected  ;  the  ground 
appears  to  have  been  shaken  loose,  and  the  tombstones  have  sunk  on  one  side 
and  are  now  thrown  out  of  the  vertical,  but  this  is  not  very  marked. 

The  most  useful  observations  as  to  the  direction  of  wave  were  obtained  from 
the  old  chimneys  at  Senchal,   near  Darjiling.     These   chimneys    are  all  that  now 

remain  of  the  old  barracks  ;  the  intervening  walls 
have  completely  disappeared,and  the  chimneys  remain  as 
isolated  towers.  One  of  these  fell  completely  to  E  28°  S  :  the  mass  of  the  chimney 
(which  was  originally  20  feet  high)  now  lies  along  the  ground  up  to  a  horizontal 
distance  of  35  feet  from  the  base  of  the  chimney,  but  smaller  stones  and  mortar  are 
found  scattered  about  in  some  quantity  up  1051  feet,  while  one  piece  weighing 
gibs,  was  found  at  a  distance  of  78  feet.  The  piece  appeareJ  to  have  fallen  where 
it  lay,  for  the  ground  under  it  was  dented  and  the  grass  killed,  while  the  mossi 
with  which  the  chimney  was  thickly  covered  was  still  found  adhering  to  the  stone 
which  would  make  it  seem  highly  improbable  that  it  could  have  rolled. 

A  few  small  stones  fell  to  W  28°  N  at  the  foot  of  the  chimney.  None  of  the 
remaining  chimneys  collapsed  completely,  but  portions  fell  from  several  of  them 
and  all  agree  in  indicating  the  same  direction  of  wave,  vie.,  E  28**  S,  to  W.  28^  N, 


Senchal. 
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KachBibai  Rkilwaj.-Tiirntng  now  to  ihe  railway  from  Parbalipar  lo  Kiich 
^  Bihar,  the  effects  of    the  earthquake  are  everjwhere 

striking.  At  Shamptir,  the  ground  is  much  fissured 
andihe  station  platform  h-is  sunk,  while  alorg  the  aide  of  ihe  railway  the  stcne  posts 
used  in  wire  fencing  ha t-e  in  many  cases  been  snapped  off  at  various  heighlsabme 
the  ground  i  some  almost  at  Iheground,  but  the  mHJaiity  have  been  broken  off 
within  a  f.Hjt  or  so  of  their  summit. 

These  posts  are  made  of  sandstone  and  are  usually  about  3  feet  high,  4  to  6 
inches  wide  and  a  inches  thick  ;  the  wire  passes  through  holes  in  the  stone.  Asa. 
rule,  the  posts  have  not  broken  at  the  holes.  The  fracture  is  probably  due  to  jerks 
and  pull*  uf  the  wires  as  the  waves  passed,  for  it  would  seem  Impossible  for  such 
sh.irt  and  substantial  posts  to  hnve  vibr.ited  suRicientl*  to  produce  fracture.' 

Nrar  Sh.impur  also,  the  hexagonal  brick  piers  of  ore  of  the  bridges  have  been 
broken  through  horiiontally,  and  the  upper  portion  has  shifted  slightly  :  this 
form  of  faclure  appears  lo  have  been  rather  common,  and  though  at  first  supposed 
tube  of  nj  great  moment,  was  subsequently  found  to  render  the  bridges  uns^e 
for  either  rapid  or  heavy  traffic. 

Of  all  the  places  insited  by  me.  Rangpur  was  undoubtedly  that  which  had 
U  _  suffered  ihe  most  damage.     The  railway  station  was  not 

\'ery  seriously  injured,  but  in  the  town  itself,  which  is 
situated  some  3  miles  west  of  the  railway  station,  almost  c\-er>-  brick  buildir^  vas 
irrdrievably  damagMl.  while  several  were  almost  completely  o4-erthrown.  A  few, 
howe\«r,  escaped  with  only  the  loss  of  Ihe  upper  storj-,  the  lower  portion  bang 
badly  cracked,  but  possitde  to  repair. 

The  damage  was  not  due  so  much  to  the  actual  shock  as  to  the  secondary 
effects  (4  the  esrthqnake  :  for  the  whole  town  being  built  on  a  loose  and  porous 
sand,  overlyintF.  at  a  depth  of  only  a  few  feet,  a  substratum  of  watafaggcd  sand, 
the  surf.icc  is  et-erywhere  cut  up  by  fissures,  which  nin  parallel  to  main  lines  of 
wc.ikress  such  a«  canals,  wdes  of  tanks,  etc.  ThCM  fissures  have  frequetUly 
opened  unJpT  houses,  in  ahich  case  there  has  been  different'al  stibsidence  artd 
conse^i'jent  rupture  cf  the  waKs.  Tl>e  diiecti<  ns  o(  the  fissures  are  chiefly  from 
K4-— 10'  Sto  W  4'— lo"  N  and  .N*  4*— 10'  E  t.)S4''— 10"  W  ihsngh  some  ran  in 
ither  dir«>.-ti  ms^  The  first  dtrection.  howewr,  is  t*5e  more  noticeable  owing  to  the 
fact  that  it    is  rough'. y   paraKei    to   the   Mn.il,  which  runs  through  the  town,  and 
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numerous  other  houses  in  its  line.  Houses,  however,  which  have  not  been  thus 
built  near  lines  of  weakness  have  in  several  cases  escaped  with  a  comparatively 
small  amount  of  injury,  while  the  Raja  of  Dimla's  house,  about  4  miles  to  the  east 
of  Rangpur,  was  almost  completely  surrounded  by  tanks  and  consequently  suffered 
very  badly,  so  much  so,  indeed,  that  the  Raja  appeared  to  have  given  up  all  idea 
of  attempting  to  repair  or  rebuild  it.  Indications  of  the  direction  from  which 
the  shock  came  were  obtained  from  two  plaster  sowars^  which  fell  from  the  gate- 
posts at  the  entrance  to  this  Raja's  palace  :  both  fell  E  6^°  S. 

In  the  cemetery  at  Rangpur  two  similar  monuments  were  partially  overthrown, 
but  unfortunately  they  were  close  together  and  both  fell  inwards,  the  space  between 
the  two  being  filled  with  a  confused  mass  of  bricks  and  mortar,  it  being  impossible 
to  decide  from  which  monument  any  particular  portion  fell;  consequently  no  ob- 
servations as  to  velocity  could  be  obtained  ;  the  directions  in  which  the  monuments 
were  overthrown  were,  however,  E.  7°  S.  and  W.  7°  N.  Other  monuments 
were  much  tilted  owing  to  sinking  of  the  ground  in  some  parts  more  than  in  others  : 
this  effect  was  seen  to  a  greater  or  less  degree  in  every  cemetery    visited  by  me. 

The  following  is  a  list  of  the  observations  which  give  indication  as  to  the 
direction  of  the  shock  : — 

Plaster  sowars  at  entrance  to  Raja  of  Dimla's  palace  E.  6^''  S. 
Monuments  ir  cemetery  .         .         .         .         ,  E.     7"  S.  and  W.  7''  N. 

Pillars  on  east  side  of  library  verandah  .         •  E.  4^°  S. 

Gate-post  at  entrance  to  Collector's  house         .         •  E.  4 J*'  S. 

This  pillar  fell  mainly  into  two  blocks  and  many  loose  bricks.  The  upper 
portion  weighing  about  7  cwt.  (calculated)  was  completely  overturned  and  dropped 
down  almost  vertically  at  the  base  of  the  wall ;  it  lies  W  4^''  S  of  the  base 
of  the  gate-post.  The  next  piece,  though  it  actually  lies  to  E  ^i"*  S  of 
its  original  position,  nevertheless  fell,  together  with  the  top,  towards  W  4J' N. 
In  fact,  the  pillar  was  broken  off  at  2ft.  loin,  from  the  summit  :  the  lower  part  of 
this  fell  to  E  4j°  S,  while  the  upper  part  was  split  into  two,  of  which  the 
topmost  was  overturned  completely  and  the  next  portion  only  partially  so.  That 
is  to  say,  the  pillar  broke  while  vibrating  towards  E  4 J**  S,  but  owing  to 
its  inertia  the  upper  portion  was  left  behind  and  at  the  same  time  overturned,  and 
points  towards  W  4j°  N.  ^-K 

The  canal  being,  as  already  stated,  a  line  of  weakness,  it  is  not  surprising  to 
find  that  the  banks  on  each  side  are  cut  up  by  fissures,  while  its  bed  has  risen,  in  \ 
some  cases  through  several  feet,  the  central  portion  being  now  above  the  water  :  '^ 
this  is  well  sliownby  the  bamboo  bridges  which  have  been  shot  up  in  the  centre.  ( 
(Plate  XX  Vl,  fig.  I.)  The  same  effect  is  seen  in  numerous  places  between  Rangpur  / 
and  Kuch  Bihar,  where  bridges  of  small  span  cross  canals,  small  water  channels  or  f 
swamps.  If  the  bridge  has  a  central  pier,  then  this  pier  has  been  thrust  up  and^  ) 
the  bridge  broken.  This  is,  however,  in  some  cases  due  partly  to  a  sinking  of  the  ^ 
abutments  as  well.  — ■ 

Similar  to  this  effect  is  the  silting  up  of  wells  which  took  place  throughout 
Rangpur  district.     These   wells  were  of  no  great  depth,  water  being  obtainable  at 

*  Horsemen,  ^ 
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a  few  feet  bdow  (he  nirface.  After  the  earthquake  they  were  found  to  be  filled 
with  sand.  The  sand  is  the  same  as  that  whkh  was  thrown  out  of  the  Gsfnrca,  and 
is  a  rather  coarse  variety  containing  inu:h  muscovite.  AtHaripnr,  in  Rongpnr 
district,  rolled  pieces  of  lignite  were  said  to  have  been  ejected  in  large  quantities 
with  the  sand :  it  is  therefore  highly  probable  that  the  sand  was  originally  derived 
,  from  the  disfnteeration  of  the  cx>ane  tertiary  sandsttmes  whidi  are  seen  in  laf^e 
quantity  on  the  lower  slopes  of  the  nearest  range  of  the  Himalayas. 

Sand  was  thus  ejected  in  every  part  of  Northern  Bei^al  visited  by  me } 
and  the  quantity  thrown  up  mast  have  been  enonnous ;  for  lines  of  sand,  (bur  or 
five  yards  in  width,  are  often  seen  running  dmost  uiunterraptedly  for  milea 
paralM  to  the  railway.  In  this  sand  occur  numeraos  vents,  either  in  the  form  ti 
corneal  hollows  or  of  small  cones  built  up  of  sand  to  a  height  of  several  inches. 
These  wy  in  width  from  a  few  Inches  to  about  10  feet  1  the  Utter  sise  is  ran^  tbe 
more  usual  width  being  from  i  to  3  feet  These  are  wed  seen  on  the  Knch  Bihar 
branch  between  Teeata  and  Dewan  Hat.  Tbe  anumnt  of  sand  ejected  is  variable  - 
batia  some  places  it  covers  the  ground  to  a  depth  of  over  a  fool,  as  on  the  diitf 
betaeen  Moghal  Hat  and  Gitaldaha,  where  the  railway  has  been  buried  for  about 
aoo  yards  under  some  8  inches  of  sand. 

Between  ftangpur  and  Kanaia  the  railway  line  wai  imch  damaged;  the 
permanent  way  was  fisured  and,  in  places,  completely  nndennined.  Bridges  are 
broken,  that  over  the  Monas  rirer  having  been  rendered  unfit  for  traffic  Tbis 
tloau  Biidn  bridge   consists  of    three  steel    girders    supported    on 

hctlow  cylindrical  iron  piers,  and  restii^  at  eacA  bank  on 
btkk  abutments.  The  fissures  which  opened  ak>ng  tbe  river  bank  completely 
destroyed  the  abutmeels,  while  the  piers  have  been  til^  as  much  as  15*  from 
the  \YTtical,  and  the  cttds  of  the  girders  no  locker  rest  on  ibcm. 

All  aking  tlus  line,  the  distortion  of  the  raDi  is  very  marked :  tbey  have  beea 
di^iaced  and  bent  in  an  east  and  «e«  direction :  this  distortion  has  vsnally  Imbb  to 
the  west,  but  in  a  good  manv  cases  n  has  taken  place  in  the  oppomte  dvectios* 
In  a  north  and  »nth  diTKtion.  the  groond  has  been  thrown  intD  a  series  of  kids  and 
ondalations :  the  whole  effect  being  that  of  an  enormous  **  ■witch-back.'*  naces 
formerly  Uetfi  have  risen  cr  fallen,  and  differences  of  level,  often  ainourtiuc  to 
several  feet,  are  fouiti  in  the  spate  of  a  few  hundred  yards.  Thedect<rftfae 
motion  ptodixing  these  ondulaliMn  has  been  to  develop  polls  and  thn^s  ia  tbe 
rails.    Where  they  have  been  in  tension,  adjacent  nils  have  drawn  away  fraea  one 
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line,  but  on  a  line  at  about  too  yards  to  the  west  a  somewhat  similar  bungalow 
has  remained  standing,  and  the  other  buildings  along  this  second  line  have  come 
of[  without  much  damage  :  further  west  again,  wc  find  a  line  of  greater  destruction 
and  it  is  probable  that,  il  this  were  folloued  up,  we  should  find  an  alternating  series 
of  lines  of  destruction  and  of  comparative  immunity.  Even  allowing  for  the  vari- 
able factor  necessarily  introduced  by  the  diHercnce  in  construction  and  age  of  the 
various  buildings,  the  series  of  lines  above  mentioned  is  sufficiently  marked  to 
make  it  a  matter  oF  great  probability  that  the  destruction  or  escape  was  to  a  large 
extent  due  to  interference. 

Passing  on  from  Kaunia  towards  Kuch  Bihar,  much  damage  has  been  done 
all  along  the  line  up  to  Chjarka  Hat.  For  some  5  or  5 
miles  beyond  this  station,  however,  the  effects  of  the 
earthquake  are  hardly  perceptible,  the  absence  of  fissures  being  as  marked  in 
this  area  at  it  was  between  Mandalghat  and  Siliguri.  The  soil,  too,  bears 
some  resemblance  to  that  of  the  latter  area,  but  is  rather  more  sandy. 
It  is,  however,  not  improbable  that  the  absence  of  fissures  m»y  in  some  part 
be  due  also  to  the  largu  numbers  of  bamboo  clumps  throughout  the  surrounding 
country:  as  far  as  one  can  see  on  either  side  of  the  railway,  the  country  is 
covered  with  these  clump?,  which,  by  their  thickly  matted  roots,  bind  the  earth 
together  and  thereby  prevent  the  formation  of  fissures:  but  as  the  railway  itself 
is  barely  damaged,  it  is  more  probable  that  the  soil  is  chiefly  accountable  lor  this 
immunity. 

In  the  neighbourhood   of    Dt-man    Hat,  however,  the  line  has  suffered  severely 
and   the   bridges,    particularly   that  over    the    Manahai 
D=«n  Hat.  ^-^^.^^^    ^^^^    ,^^^^    broken.       At    about   7   milei   south 

of  Kuch  Bihar  1  small  bridge  passing  over  a.  water  channel  in  swampy  land  ha>__ 
been  damaged  by  the  thrusting  up  of  the  centra!  pier.  At  this  spot  also  the  sur- 
face of  the  surrounding  country  has  been  covered  with  sand  and  water,  from 
ivhich  in  many  places  bubbles  of  gas  are  seen  rising  :  this  gas  has  an  unpleasant 
odour  somewhat  resembling  both  H^S  and  SO,,  but  though  it  was  asserted  by 
many  peoplethat  the  opening  of  the  fissures  during  the  earthquake  was  accom- 
panied by  a  "  smell  of  sulphur  "  which  was  popularly  accredited  to  volcanic  pheno- 
mena, it  is  probable  that  these  gases  are  merely  derived  from  the  decaying  vegeta- 
tion which  has  in  so  many  places  been  covered  by  the  sand  and  water.  This 
is  the  more  probable  as  the  same  ebullition  of  gas  may  be  seen  taking  place  in 
small  puddles  in  the  fields  in  districts  such  as  Krishnagar  where  no  fissures 
were  formed. 

At  Torsa  Railway  Station  the  station-house  has  not  suffered,  but  the  banks 
of  the  river  have  been  much  cut  up  by  fissures  on  both  sides,  and  have  in  many 
places  caved  in. 

At  Kfch  Bihar  most  brick  buildings  have  been  severely  damaged.    With  the 
exception  of    the    Palace  and  the  Superintendent's  house,    the   principal  build- 
ings   surround   a    large  tank,    and    have  conse- 
"^      '  ^'  quently  been   injured   by   the  fissures    which   have 

opened  in  their  neiglibourhgod.   Curiously  enough,  however,  the  building  which 
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in  the  whole  lown  has  suflered  least  is  built  on  Ihe  western  bank  of  the  same 
tank.  This  building  is  the  Dewan'a  house,  but  it  owes  its  escape  to  the  fact 
that  it  is  built  on  a  raised  mauFid  of  earth  which  spparemlv  acted  as  a  cushion 
and  enabled  the  house  to  escape  with  only  a  few  cracks  and  with  the  loss  of  one 
small  cupcla  frum  the  parapet. 

The  Palace  was  rather  badly  injured,  but  chiefly  by  (he  fall  of  numerous 
immense  turrets  which  carried  with  them  parts  of  [he  adjacent  walls,  and  often 
crashed  through  the  roof  carrying  all  before  them. 

The  Superintendent's   house  was  seriously  injured,  in  fact  rulnedj  b;   a   fissure 
opening  beneath  it,  with  the  result  that  the  building  was  broken   into  two.     It  was, 
however,  like  many  of  the  other  buildings,  built  on  sand,  which  in  its  turn  lies 
on  another  bed  of  soft  water-bearirg  sand  (almost  a  quicksand). 
The  chief  directions  of  overthrow  at  Kuch  Bihar  are  :— 

Palace  turrets  fell S  42°  E.' 

W  28°  N. 

E  2S°  S. 

E  a3i°S. 

E  ao°  S. 

A  marble  vase  in  tronl  of  ihe  palace  fell   .         .  E  20°  S. 

Unsdowne  Hall.— Clock  tower  fell    .         .         .  B  18°   S. 

Superintendent's  house.— Urn  from  turret  fell  .  E  ao°    S. 

Brick  gate  post S  lij"  E. 

A  tall  brick  watch-tower  in  the  town  fell  .  .  N  8°     E. 

Minaret  of  a  mosque W  28°  N. 

Between  Kuch  Bihar  and   Alipur  Duars  the  road  is    fissured  and  bridges 
broken,  while  at  Alipur  the  western   wall  of  the  gaol  tell.    Between  Alipur  and 
the  foot  of  the  hills  not  much  damage  has  been  done,  as 
Baia  Duars.  the  country  is  mostly   protected   by   forest,  but   at   Baxa 

(about  9,000  feet)  all  Stone  buildings  were  damaged,  while  many  collapsed  com- 
pletely. The  hill  sides  are  evervwhere  scarred  by  landslips,  and  much  of  the 
road  between  Santrabari  and  Baxa  was  carried  away.  Owing  lo  reflection  of 
the  waves,  obiects  tell  in  every  direction,  but  the  prevailing  direction  at  Baxa  and 
the  neighbouring  picquets  was  E  48°  S.  Near  the  toot  of  the  hills,  hoviever,  atree 
fell  to  W  38"  N. 


than  the  floor  would  have  supported,  was  being  roiled  along  the  corridor  just  outside 
1  started  up,  but  could  not  at  GteI  malie  out  what  was  the  matter,  and 
it  was  only  when  I  got  on  my  feet  that  I  felt  the  ground  rocking  underneath  me. 
After  rushing  out  of  the  honae  I  stood  in  the  compound  on  the  west  side,  and 
.viewed  from  that  direction,  the  house  appeared  to  be  rocking  in  a  north  and  south 
directi(»'  A  few  minutes  after  the  earthquake  was  over,  I  went  into  the  house  to 
see  what  damage  bad  been  done,  and  I  then  saw  that  the  north-east  and  south-west 
comers  of  the  house  had  suffered  more  severely  than  the  other  parts,  and  that 
there  the  walls  were  leaning  out  more  than  in  the  other  corners.  Besides  this, 
the  verandah  on  the  south  side  of  the  house,  which  was  built  at  a  later  time  than 
the  main  building,  was  separated  from  the  rest  by  an  ea&t  and  west  crack. 

On  the  following  days  I  went  round  parts  of  Calcutta,  chiefly  in  the  area 
between  Park  Street  and  Bow  Bazar  Street,  and  also  to  Howrah,  U 
nature  of  the  damage  done.  Within  this  part  of  Calcutta  there  are  a  large  rumber 
of  native  bastis,  the  cutcha  huts  of  which  show  practically  no  signs  of  being  shaken 
by  the  earthquake,  but  scattered  amongst  them  there  are  a  large  number  of  pucca 
houses,  many  of  4  considerable  height,  and  most  of  tht:m  showing  signs  of  age  and 
dilapidation,  but  despite  this  the  damage  done  was  not  so  serere  and  prominent 
asimmediately  to  the  south  of  Park  Street,  where  the  houses  are  almost  all  detached 
and  lofty;  many  of  these  .are  old  and  show  signs  of  very  frequent  patching  up. 
I  made  the  following  notes  on  the  chief  bcllinj^s  at!ected  by  the  earthquake  :  — 

At  St.  Thomas'  Church,  Free  School  Street,  there  are  two  large  cracks  and 
several  smaller  ones  in  a  north  and  south  direction  ;  by  one  of  these  larger  cracks 
the  chancel  was  separated  from  the  main  body  of  the  church,  and  by  the  other 
Crack  the  porch  was  separated  from  the  chun:h.  In  the  Boys'  Free  School,  which 
is  close  bjr  the  chtuxh,  the  cracM  *"%  Bt  t^ight  angles  to  those  in  the  church,  the 
fagade  with  Doric  pillars  of  the  School,  which  faces  to  the  south,  being  damaged 
by  east  and  west  cracks.  Prom  the  top  of  the  spire  of  the  Free  Church  ol' Scotland, 
Wellesley  Street,  a  considerable  piece  had  fallen,  and  the  next  day  I  saw  it  on  the 
groqnd,  considerably  broken,  near  the  base  of  the  tower,  and  taking  the  position  of 
thelargest  and  mam  block  of  the  fallen  top  of  the  spire  as  the  position  where  the 
top  had  struck  the  ground,  and  there  was  no  evidence  of  its  having  rolled  to  that 
position.  I  found  that  it  must  have  fallen  in  a  direction  VV  10°  S.  The  1 
on  which  the  steeple  is  built  was  separate-!  from  the  main  building  by  an  east  and 
west  crack.  St.  James'  Church,  Lower  Circular  Road,  had  three  small  minarets  fallen 
from  its  steeple,  but  as  the  fragments  had  been  cleared  away,  there  was  no  evidence 
of  the  direction  in  which  they  were  thrown.  The  other  damage  to  the  church  con- 
slated  of  several  east  and  west  cracks  running  along  the  length  of  the  building. 
From  a  house  just  of!  Wellesley  Square,  neiir  St.  Saviour's  Church,  the  south  parapet 
wall  had  fallen  into  the  yard  below  toward  s  the  south.  A  large  pucca  house  at  the 
Circular  Road  end  of  Dhurumtollah  Street  was  very  badly  damaged,  and  the  front 
(south)  quarter  of  the  house  was  separated  from  the  rest  by  a  large  east  and  west 
crack,  but  the  south-west  corner  of  the  house  was  much  more  damaged  than  the 
south-east  corner.  No.  114,  Lower  Circular.Road  (Plate  XXIV,  fi 
badlydamaged,andthesouthbayof  the  top  story  had  fallen  out  towards  the  soulti. 
U 
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AtMeur>.TrBil1&Co.'sbiitineupreRiisH,Uthebacko[  theGreUEMtern  Holef, 
the  front  portico  and  balcony  which  face  to  the  west  were  completely  deatroyed,  and 
at  the  back  the  eaaterr  parapet  wall  had  lalleti  over  towards  the  east,  and,  after 
carrying  away  the  bathroom  below,  haJ  crashed  through  the  root  of  the  godowns. 
The  front  part  of  the  house  in  Benii nek  Street,  opposite  the  entrance  to  Mangoe 
Lane,  had  fallen  forwards  into  the  road  {Plate  XXIV,  fig.  a)}  this  side  of  the  house 
faced  the  cast,  the  front  wall  being  built  in  a  direction  N  10°  E— S  10°  W. 

After  crossing  the  river  to  Howrah  we  see  that  here,  as  in  Calcutta,  a  few  houses 
have  suffered  very  severely,  whereas  others  quite  close  to  them  have  escaped  with 
little  or  no  damage.  The  north-west  corner  of  one  of  the  houses  facing  the  Howrah 
Green  has  fallen  out,  and  the  direction  of  theislope  of  the  rubbish  is  to  N  z^  W- 
The  eastern  parapet  wall  of  the  neit  house  has  fallen  down.  The  only 
other  badly  damaged  house  I  was  able  to  examine  was  that  of  the  Deputy 
Magistrate  of  Howrah  in  the  Grand  Trunk  Road.  This  was  very  badly  cracked 
everywhere,  but  the  south-east  corner  had  suffered  most  and  fallen  outwards. 
At  the  time  of  the  earthquake  the  Chaplain  of  Howrah  was  watching  the  water 
in  the  tank  near  his  house,  which  was  swaying  violently  to  and  fra,  and  the 
direction  of  this  oiovement,  which  he  pointed  out  to  me,  was  almost  exactly  north 
and  south. 

Looking  over  the  notes  above,  we  see  that  there  is  very  tittle  deflnite  evidence 
with  regard  to  the  direction  of  the  earthquake  waves,  and  nothing  from  which  one 
can  calculate  its  intensity.  1  n  Calcutta  the  fallen  walls  have  mostly  gone  over 
towards  the  south  or  west,  snd  the  comers  of  the  houses  In  Calcutta  which  have 
suffered  the  most  are  the  north-east  and  south-west  corners,  and  this  would  seem 
topointtoa  NE  and  SW  direction  for  the  earthquake  wave,  with  variations 
from  a  direction  N  and  S  to  one  E  and  W.  In  Howrah,  however,  the  evidence 
rather  points  to  a  N  W  and  SE  Erection. 

Dacca, — At  Dacca  the  earthquake  was  felt  much  more  severely  than  in 
Calcutta,  and  the  relative  damage  is  much  greater  ;  almost  all  the  pucca  buildings 
in  the  place  being  badly  damaged,  some  have  entirely  collapsed  and  very  many 
were  uninhabitable. 

For  the  direction  of  the  earthquake  wave  the  fallowing  are  the  chief  pieces  of 
'vidence.  In  almost  ail  the  buildings  the  greatest  damage  is  that  done  to  the 
north-west  and  south-east  corners  ;  and  in  some  houses  as  the  club,  dAk  bungalow, 
etc,  the  south-east  corner  has  fallen  out.    The  t(^  half  of  one  of  the  low  pillars 
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1  coold  make  out.  was  N  a^  W.  In  the  Armenian  churchyard  there  is 
a  lolty  square  tower,  the  walls  of  which  are  set  almost  exactly  north  and 
south,  east  and  west  (N  6^  E,  and  at  right  angles) :  the  whole  ci  the 
northern  half  of  thb  tower  has  fallen  over  towards  the  north.  From  the 
European  cemetery  but  little  evidence  is  obtainable,  as  only  two  or  three  tombs 
showed  any  signs  of  damage.  From  the  tonob  of  John  Charles,  infant  son  of 
T.  Richardson,  Judge  of  the  Civil  Court  of  Dacca,  the  top  is  broken  off,  but  most 
of  it  is  still  held  onto  the  central  rod,  which  is  bent  over  to  one  side,  and  the  diree* 
tion  in  which  it  is  bent,  and  the  fragments  have  fallen,  is  E  lo*  S.  The 
only  other  tomb  which  shows  any  indication  of  the  direction  of  the  earthquake 
is  the  very  large  and  lofty.one  which  is  ascribed  to  *  Columbus  sah$b,  kampani  ha 
naukar*  I  this  had  on  its  sides,  at  three  different  heights,  small  minarets,  some  of 
which  have  fallen  ;  little,  however,  could  be  ascertained  from  these,  as  there  was 
evidence  to  show  that  in  almost  every  case  the  top  ones  in  falling  had  struck  those 
lower  down  :  besides  this,  the  fallen  pieces  had,  previous  to  my  visit  to  Dacca,  been 
shifted  from  their  original  position,  and  although  the  marks  where  they  had  struck 
the  ground  were  visible,  it  was  impossible  to  tell  which  fallen  minaret  had  made 
them  ;  one,  however,  of  these  minarets  had  apparently  fallen  free  in  a  direction 
W  lo**  S.  The  Engineer  Babu  at  the  water-works  told  me  that  at  the 
time  of  the  earthquake  he  was  standing  close  by  the  tank  there,  and  that  the 
water  in  it  was  swaying  to  and  fro  in  a  direction  which  I  measured,  when  pointed 
out  to  me,  as  S  15^—20®  E. 

Putting  the  above  in  a  tabular  form,  we  see  that— 

dab  and  Dik  Bangalow       •  indicato  NW  and  S  B. 

Low  Pillar^  near  Raceoonne    •  •  » ,  N  95*  W^  ,|   S  s^  B. 

Second  w       „          «,            •  •  M  B 15*  N,  m  W  i^  S« 

Gsto    tt       t,          M             •  •  M  AioPB,  M  Sio*'W. 

Hiada  Temple  on  Rscecoune  •   „  N  so*  W,  „    S  so*  B. 

Nmnr'smatt                    .        •  •  »  N  9j|*  W,  „    Sa^E. 

John  Charles  Richardson's  Tomb  •   „  W  k/*  N,  „    B  lo"*  S. 

Columbus  Saheb^s  Tomb         •  .    „  E  10®  N,  „   W  fo°  S. 

Tank  at  Watcr-works     •        •  .   »•  W  is*— ao*  N  „    S  li"— lo*  B. 

Looking  at  this  evidencCj  and  also  considering  that  the  impression  of  the 
Inhabitants  of  Dacca  was  that  the  direction  of  the  earthquake-wave  was  along 
a  line  north-west  and  south-east,  we  see  that  the  most  reliable  observations  point 
to  a  direction  N  20''— 25''  W. 

Of  the  velocity  of  motion  of  the  wave-particle  the  pillar  near  the  racecourse 
is  the  only  thing  which  gives  any  evidence. 

Before  the  earthquake  this  pillar,  of  which  the  horizontal  section  is  square,  was 
3  feet  9  inches  high,  and  the  length  of  one  of  its  sides  1  foot  81  inches.  From  this 
the  top  part,  i  foot  high,  had  been  thrown  off  in  a  direction  S  2^  E,  and  so 
the  height  from  which  its  centre  of  gravity  had  fallen  was  i  foot  9  inches;  this 
piece  was  standing  upright  and  perfectly  square  with  the  bottom  part,  the 
distance  of  its  centre,  from  the  centre  of  the  basal  piece,  being  3  feet  2  Inches. 
At  first  I  felt  doubtful  if  this  had  been  thrown  off  by  the  earthquake,  but  an 
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examination  of  (he  grass  undernealh  ahowed  th«t  il  had  not  been  lon^  in  ita 
present  position.  The  pillar  wu  old  and  considerably  weathered,  and  along  the 
surface  o(  the  course,  where  the  parting  occtm-ed,  the  weathering  had  almost 
entirely  loosened  the  top  part  from  the  bottom,  so  ihal  there  was  %V)-  little  coheson 
between  ihem. 

For  the  time  and  duration  of  the  shock  the  only  evMence  at  all  reliable  was 
that  obtained  at  Dacca  by  the  Traffic  Superintendent  of  the  Dacca-Mj-mensing 
Railway,  who  looked  at  his  w&tch  directly  he  lelt  the  earthquake.  He  tells  me 
that  the  shock  started  115-11  r.M.  local  time,  and  lasted  almost  exactly  90  secortds. 

Dacca^HTinenMag  Railway. —Of  the  damage  done  to  the  railvay  line 
between  Daecaand  Maimansingh  I  was  not  able  to  see  much,  as  the  line  had  been 
largely  repaired  and  the  trains  were  running  again  *  hen  I  tra\-elled  over  it.  I 
could,  however,  see  that  the  most  serious  damage  to  the  tine  had  beert  at  its 
nortfem  end ;  for  the  first  la-o.tLirds  at  least  of  the  joAnwy  1  saw  practically  no 
damage,  and  a  great  part  of  this  was  through  dense  jungle  growing  on  the  reddish 
laieritic  beds  of  the  older  alluvium  at  the  east  side  of  the  Madhupur  jungle. 
During  the  latter  part  of  the  journey,  however,  the  railway  was  running  on  the 
newer  alluviom,  and  it  was  here  that  damage  was  done  and  the  lines  curved 
and  bent  by  the  earthquake ;  this  carting  and  beitding  had  been  entirely  removed 
befcre  I  got  there,  and  the  only  evidence  of  it  was  some  bent  rails  lying  at  the  side, 
and  these  shoved  that  the  shock  roust  have  been  very  severe^  Across  the  line  and 
running  through  the  fields  en  each  sde,  there  were  very  many  fissures  in  the 
ground  Irom  which  sand  and  water  had  been  forced  op  and  spiead  ova-  the 
ground  on  both  sides  of  the  fissure.  This  sand,  when  I  saw  it,  was  of  a  light 
bluish-white  colour,  but  I  was  told  that,  when  it  first  came  to  the  surface,  it  was  of  a 
blackish  colow,  and  had  a  strong  sulphurous  smell.  To  these  fissures  and  tte 
sand  from  them  I  sha!l  refer  later  on.  This  ponion  of  the  line  was  saved  frofn 
more  serious  damage  by  its  running  along  the  surface  of  the  ground  ;  if  it  had 
been  on  raised  embankments,  like  a  great  part  of  the  Assam-Bengal  Railway, 
these  would  have  been  most  ptotiably  fissiaed  and  overtiwned,  the  bodges  over 
the  streams  been  broken  and  bocklcd,  and  the  damage  la  the  line  iMDCh  greater 
than  it  was. 

MaimiiiiiHiLTi — At  this  place  the  earthquake  was  rerv-  se\tn,  and  the  danage 
6?re  was  eaorroous.  Alrotnt  all  the  pocca  baildbigs  were  at  ^east  partially  wrecked 
and  many  wae  complete  mins.      Of  ihi  church,  cn^y  a   sn-.aIS    part   of  tJw  wall  at 
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and  was  lying  at  the  side  ;  it  had  not,  however,  fallen  free,  for  there  was  a  mark  on 
the  side  of  the  tower  where  it  had  struck  it,  but  one  could  see  that  the  direction 
of  the  horiEontal  component  of  the  movement  of  the  fallen  top  was  not  much 
altered.  Besides  this,  none  of  the  other  buildings  show  any  accurate  evidence 
of  the  earthquake  ;  one  of  the  gate  pillars  of  the  Rajah's  palace  compound 
was  twisted  and  shifted  slightly  in  a  direction  N  15°  E,  but  as  there  is 
a  heavy  iron  gate  attached  to  the  pillar,  the  latter  could  not  have  moved  freely. 
Corroborating  evidence  of  the  direction  deduced  from  the  Deota  Din  Siwala 
is,  however,  obtainable  from  the  cracks  in  the  open  country;  these,  of 
course,  vary  very  greatly  in  direction,  but  the  ones  which  I  chose  are  those 
which  were  most  out  in  the  open  country,  and  which  would  have  been  least 
interfered  with  by  irregularities  in  the  surface  ;  these  were  running  in  a  NW  to 
SE  direction,  and  so  the  direction  at  right  angles  to  them,  which  would 
in  this  case  be  presumably  the  direction  of  the  earthquake-wave,  was 
NE  to  S\V.  At  the  time  of  the  earthquake  the  north-east  corner  and  part 
of  the  outer  walls  of  the  jail  fell  down,  the  measurements  of  which  from  the  corner 
were  105  feet  8  inches  of  the  wall  built  in  a  direction  E  30°  S  and 
46  feet  of  the  wall  at  right  angles  ;  if  we  join  the  ends  of  the  broken  part  by  a 
straight  line  and  take  a  direction  at  right  angles  to  this  line,  we  find  it  works  out 
N  54""  E,  which  is  not  far  from  the  N  48°  E,  which  I  obtained  from  the  Deota 
Din  Siwala  ;  this  may  be  only  a  coincidence,  as  in  such  a  case  as  this  it  is  not  safe 
to  assume  that  the  line  of  limit  of  the  breaking  of  the  wall  was  parallel  to  the 
crest  of  a  wave.  Beyond  the  above  case  I  was  unable  to  obtain  any  evidence 
of  the  direction  of  the  earthquake  wave,  but  I  think  I  may  safely  assume  that  it 
was,  approximately,  N  E.  to  S  W. 

For  obtaining  the  velocity  of  the  wave  particle,  the  only  thing  we  have  to  rely 
on  is  the  overturning  of  the  jail  walls,  which  are  10  feet  8  inches  high,  and  18 
inches  thick,  the  overturned  portion  being  105  feet  8  inches  of  the  wall  in  a 
direction  E  30°  S,  W  30°  N,  and  46  feet  of  wall  in  a  direction  N  30*"  E,  S  30°  W. 

For  the  time  and  duration  of  the  shock  the  best  information  I  have  was 
obtained  through  the  Traffic  Superintendent  of  the  Dacca-Mymensing  Railway. 
He  told  me  that  one  of  his  guards,  a  Sibpur  boy,  who  was  at  Maimansingh  at  the 
time,  took  out  his  watch  directly  he  felt  the  shock,  and  it  was  5-10  p.m.,  local 
time,  and  the  shock  lasted  almost  exactly  90  seconds. 

In  the  station  of  Maimansingh,  and  in  the  country  around,  the  ground  is  fissured 
in  very  numerous  places,  the  cracks  near  the  river  being  mostly  parallel  to  it,  but 
not  in  all  cases;  in  the  surrounding  country,  however,  they  are  in  all  directions, 
following  the  lines  of  weakness.  From  most  of  these  cracks  sand  and  water,  like 
that  seen  near  the  northern  part  of  the  Dacca-Mymensing  Railway,  has  been 
forced  out  and  has  flowed  over  the  fields,  damaging  the  crops  to  a  certain  extent. 

The  fissuring  of  the  country  is  accompanied,  too,  by  sinking  of  the  ground 
often  over  large  areas.  More  prominent  cases  of  this  may  be  seen  in  two  or  three 
places  on  the  road  from  Maimansingh  to  Muktagachha,  where  the  cracks  are  nearly 
at  right  angles  to  the  direction  of  the  road.  In  these  cases  the  road  is  faulted,  the 
ground  having  sunk  so  that  the  road  on  one  side  of  the  crack  is  about  4  feet 
higher  than  it  is  on  the  other.    Wherever  the   direction  of  the  earthquake-wave  is 
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wmnal  or  9bbaenB«l  to  the  kf^th  of  th*  nud,  and  wtoc  the  raad  is  niMd  on  aa 
CMhankaet  above  the  g— a*!  levd  oj  the  coontiT,  (he  ends  twm  pirald  to 
theriMd.  and  in  ttu«caaetiM  actionol  the  MCondsoniphaMol  IhewaKon  the  Mde 
fma  «hich  the  euthqnake>«a«e  n  travdEng,  and  tb«  fim  Kaiphaae  of  the  wave 
en  the  iaither  side,  tend  to  thrav  the  cncked  sdes  o(  the  eabukneal  uMwatd 
aad  if  these  Mttvaid  aicncmeiits  proceed  to  the  centre  of  the  whaafcfai.  Ac 
■hole  of  it  is  lovcrad  and  there  is  a  sinking  tn  the  nud  at  that  place. 

HAtacachka.— The  ton  o<  Mnktagactha  sas.  1  am  toU.  largclT  bMkoBMadc 
ftva^  aad  hcR  the  finarinc  and  Mking  of  the  gnmad  vas  very  wem*^  aad 
iaawacqscaoe  the  Rajbati  (Rajafc**  Pabcc)and  the  paccahMnesntaritvseceM- 
pkitly  sretkad.  1  haic  taken  t«>  pbatogTaphi  (Plate  XXVIII,  figs.  I  aad  a) 
hwa  asaagsl  these  hoosca.  The  fint  is  Monfa  Baba's  hon^  Mdcr  «Uch  are 
t«o  bwgr  cracks  aka^  ahidi  the  grvand  has  ^k.  and  so  the  p&nl  of  tkr  hoHC 
b  faulted  br  tt«  tao  oracks  n  tno  ntfs.  and  one  pntinn  <rf  the  (ih^  kas  ^i^ 
4  het  6  k«has  balaa  the  higher  porrkm  ;  tbe  cnck  ^Arr  Ikia  ha«M  has  a 
frcctioa  W  13*  S.  The  sccood  photagraph  sbon  a  Mac  cnffate  ta^  where 
oaCj  a  pait  si  erne  of  the  «a£s  of  tV  boisc  ii  left  atanfag  Ksd  tkn  is  t^n^  "*^' 
ta  the  scitfh  oarng  K>  a  la^c  cra^k  in  the  g^rand  jast  <b  Am  side. 


{a^  to  '*'--^*-  by   A^LBK-,  I  nas  aot  able  la  tjbjaric  ■ 
B  tte  rase  al  nMA  ac  an  cai«u3^.  a  gr^t  pan  ta  the  > 
aria:he  early  daaa.     The   saCeot  d^r.W.  Dool.  aasncei 
abaenKkea.  k  ie  vas  ia  Saod.  ta  duu  ii«  b.i>ks  «en  cij^ned  ap  ^id  it 
T^""'*   U>  u£^  X  the  Lioai^  ai  tbe  sacromi^^  o^i^iStt  mas  ^ 
tae  ^  d«aa:Riit^r-:«isorpK:t:«  t^sixk3(^£ci!9e  ^iijaal,     AiaMs-pia 
hoavicr.     ctt  kd  rfa  ci  :^     Bxak.  eip«cjLN   ir    as   ^fcr  t^iAc^ 
sniba^  :(  ^»  lani  aas  qmcc  chieK.  and  roas  at  S>:ilmj  ^taat  <d  Ac  » 
am  St  ^  sea  jc  vnfSL  ;uass,  a  fcirrrncct  i»ciaoe   £■   a  1 
v^ttc  a  p«sc  Mc;  f£  Ae  hkar  vas  aaav  aasv. 

^BA^— :>  5at:^ac-  kxue    £sa=  verx  ^1:^  su 
Ite  loDiEiip  :^«c  :we  cu  lkar£:«  :a£  ttJC  niere  :i 
Tt»  jtank  <H  d«  r:*«r  hu  crsatac  aic  Uff« 
per^u^  x:  :^  beaa  ftsc  s^c^*  :3c  kx:3:c 

Kem-tcv  «   ite  Ti  A  a.'s  J 
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Of  these,  Noe.  o  and  i  had  fallen  over  towards  the  north  m  directions  which 
were  measured  by  the  protractor  as  4*"  B  of  N  and  4**  30^  W  of  N.  The  only  other 
piece  of  evidence  I  coi^d  obtain  of  the  direction  of  the  earthquake  was  a  state- 
ment made  by  the  telegraph  master  that  the  water  in  the  tank  at  the  back  of  the 
telegraph  office  was,  at  the  time  of  the  earthquake,  swaying  from  north  to  south. 

Assam-Bengal  Railway. — At  Badarpur  I  started  the  examination  of  the  Assam*  ^ 
Bengal  Railway.  In  the  section,  at  present  unopened,  north  of  the  Barakt 
between  Badarpur  and  the  hills  to  the  north,  there  was  very  little  damage, 
although  for  part  of  the  way  it  runs  over  recent  alluvium.  In  the  first  tunnel, 
however,  of  the  hill  sections  some  rather  big  slips  had  occurred,  and  along  the 
southern  scarp  of  the  Khasi  Hills,  facing  the  Surma  Valley,  large  bare  patches 
may  be  seen  where  landslips  caused  by  the  earthquake  have  torn  away  the  jungle 
from  the  slopes  and  laid  bare  the  rock  beneath. 

On  the  unopened  section  of  the  railway  between  Badarpur  and  Silchar  the 
damage  is  very  severe,  especially  to  the  bridges.  For  a  short  distance  from  Badarpur 
this  line  runs  through  a  number  of  cuttings  in  hills  formed  of  tertiary  beds, 
and  here  it  is  but  little  disturbed,  the  chief  damage  being  the  slipping  in  of  the 
sides  of  the  cutting.  A  little  further  on,  where  the  line  has  left  the  hills  and  is  00 
the  flat  open  country,  mostly  bhil  land  and  all  covered  by  a  new  alluvium,  the 
damage  is  much  more  considerable,  and  for  some  way  the  bridges  are  all  badly 
damaged,  especially  those  over  the  Dalasar  Nadi,  the  Gang^  Gong  near 
Polaspar,  and  the  Bara  Khal.  In  the  case  of  the  first  two  bridges  the  piers  are 
leaning  over  to  the  west ;  probably  they  are  not  broken,  but,  owing  to  the  stirring 
up  of  the  silt  in  which  the  foundations  are  sunk,  the  masonry  has,  with  the  shock* 
tilted  bodily  over  to  one  ^de  in  its  then  partially  liquid  bed.  The  embankments 
clo^  to  these  piers  are  badly  damaged  and  sunk  in  places,  the  damage  being 
caused  in  the  same  way  as  I  have  described  for  the  road  at  Muktagachha. 

In  the  case  of  the  bridg^e  over  the  Bara  Khal  the  piers  have  fallen  right  over    /^  I  ^ 

into  the  river  and  disappeared  entirely  ;  before  the  earthquake  this  bridge  had  £f'^%i 

eleven  piers  standing,  each  with  9,000  cubic  feet  of  masonry,  there  being  three  /y/' 

spans  of  60  feet  and  six  spans  of  40  feet,  but  after  the  shock  only  two  piers  on  each      ^  \t^ 

bank  were  left  standing  and  the  intermediate  space  is  quite  blank.    At  the  time  ^ 

of  the  shock  the  two  embankments  are  said  by  those  who  were  present  to  have         i 
first  moved  towards  one  another  and  then  apart,  when  the  telegraph  wires  were     ,    { 
snapped  across  and  some  of  the  insulators  were  hurled  violently  for  a  considerable     /  \^, 
distance  backwards  from  the  river.  tt— ^i 

In  the  neighbourhood  of  the  railway  line  the  country  is  in  places  seen  to  have 
sunk  considerably,  and  near  the  bridge  of  the  Gangru  Gong  only  the  tops 
of  several  huts  are  now  above  water.    The  chief    case  of  sinking  in  this  part  of  ^ 

the  country  is  that  of  an  area  a  little  east  of  Polarpar,  which  extends  for 
some  distance  to  the  south,  and  of  which  the  sinking  near  the  Gangru  Gong 
bridge  is  a  part.  Where  the  boundary  of  this  sunken  area  crosses  the  Govern- 
ment road,  it  is  almost  at  right  angles  to  the  road,  the  cracks  being  roughly 
north  and  south,  and  the  embankment  is  not  broken  down,  but  the  crack  acioss  tlie 
road  has  faulted  it  about  4  feet. 
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From  Badarpur  to  Akhaura  1  went  along  the  lin«  by  Irolly  and  ballast 
train  with  an  inspection  party,  the  following  being  the  chief  points  I  noticed 
during  our  »pid  journey,  when  we  travelled  over  laS  miles  of  line  In  three 
davit.  The  d.tmage  is  almost  entirely  confined  to  where  the  railway  mns 
over  the  A.it  AAi7  countrvi  and  where  the  depodis  are  quite  recent,  but  wherever 
tiK  line  nins  throuffh  the  low  hills  at  harder  and  more  consolidated  tertiary 
b«d*i  there  i*  Uttl«  or  no  damage,  and  esp^ially  in  these  places  we  were  able  to 
Iraxvt  by  ballast-train  for  several  miles  at  a  time.  When  crossing  the  6at 
alluvial  cvuntrv.  the  embankment  was  in  very  nutneroos  places  broken  down, 
and  althoueh  it  was  nearly  all  repaired  at  the  time  I  went  over  it,  there  were  still 
many  \'«t>'  bad  places  where  the  line  had  sunk  several  feet,  this  sinkiBg  being,  as  a 
nilet  caused  by  longitudinal  cricking  due  to  transverse,  or  obliqnrly  traas- 
v«rw,  wa«s  and  ontward  m<»-«ment  as  in  the  case  of  the  road  from  M^roanangh 
W  Muktai^^chha.  In  t«4  or  thr«e  places  where  the  smrroanding  oonntry  is  vny 
marshv,  as  at  mile  it^  b«fe«n  Dakshiabagh  and  Kalanra,  where  the  diicction 
ol  the  al^fnment  it  S  .«>*  W.  and  also  at  a  place  jnst  sooth  of  Dangaon. 
the  embankment  ha;  mnk  ivto  the  dtstorbed  groond  below,  and  has  caosed 
a  rii^iv  ■'''  ^  fTTonnd, ««  has  come  np  iat'd  al  9i>me  litde  distance  from  the 
SnM  jLt  the  Mies,  kerning  l>M^e.  law  ridges  in  Ae  fiist  case  and  filing  19  the 
l<ono«  I**  >n  tV*  c*l!«r. 

The  t«iJ^es  are  ne«tly  aT.  ;n  tlK  Aat  aZlaina)  cnantrr.  and  mort  of  them  arc 
nk-n  v-r  Inn  damt(«l.    TSe  kCowing  is  voaSy  tbc  natnce  ct  dx  i1iiiiii|.i  done  to 

TVaK>tM«e  walbarv^n^ked  or  tr^Ast  and  hn«  cobk  ta,  skctom^  the 
i^x  t>:^  s  tV  CAW  w>)eR  ar.y  .£  tbe  siuck  aas  kcsxaiiuTTiai^c  embank. 
«w«t.A-vl  *  ■*  CJiswi  in  aji-a:K-=a;iTKCwa«cra:i^  of  rrver  Saak^  as 
dcM.'^ixii  bx  I>?.  t>.i^a'»  in  MeimAr? ^  tte  G«oV:$ica:  Swn  at  ln£a,  VoI^k 
X;\.  :Sr  itK  Kart>^*s«  .-f  :be  wax::  on  :^  snie  f:ncK  wlk^  de  ennhq^bc 
(»  *£x[a>v9i)[  jf^i  tV;  SNvtrti  !«ar;&»e  cc  t^  .x^er  saae  'iin~ni^  ts  :^.-«  iJc  two 
*Sn:n#>c  ««.s  ^.vR^ff- ;  t*^^  .-^m^  ?.:■  .-c:^  ^>iaaat.  wals  is  jferw  qaK 
t^.'nsadtraSV a^  n  «u»  .-t  >.-  ^t•c  ;:  3 KOMCames  as  nnci:  »  a  kbc  Ihiim 
|>K'rx'tf$  iV»  n>,-wMiMiK,  wt  t  il-xxt  tvay  case  jb*  aac  a  ane  »  ic«i  man  rf 
cX  to6c«.  fV  nrM,T«ni«K  \fet  i«ii*L  senn:  JMc  ""^ — -^r  ^- ipn  tiiii  s'm^ 
«.nte  :."  :V  ai^tcn>n^  ;hs  uwici  mcwemmc  %ia*  ^rvnc  ^ne  £:sa*K^I* 
^ndbC«^  :■**•*  ^le  ^'^trt,  »  -*  :4-t  j*«  .t"  -bikit  .a:  rta  sabiB:  inig^Am 
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over  the  bridge  being  N  ao^  E.  The  balance  walls  of  the  abutments  have 
been  broken  and  forced  baclc,  and  this,  with  the  sinking  of  the  abutments,  has 
caused  the  line  over  the  bridge  to  be  arched  and  the  girders  to  be  torn  apart  at 
their  junction  on  the  centre  pier,  which  centre  pier  was  not  affected  by  the 
earthquake.  The  embankment  on  the  north  side  of  the  bridge  was  badly 
broken  down. 

Juri  Bridge,  mile  s/2.— The  two  centre  piers  have  moved  18  inches  bodily 
towards  one  another  and  are  not  tilted. 

Marhal  Bridge.^The  piers  on  the  east  side  of  the  bridge  are  leaning  towards 
the  west,  and  the  piers  on  the  west  side  towards  the  east. 

Manho  River  Bridge,— Th^  line  over  this  is  in  a  direction  of  N.  15®  B, 
and  the  piers  are  little,  if  at  all,  damaged.  The  north  abutment  wall  and 
the  adjoining  embankment  are  broken  down  and  the  banks  of  the  river  on  this 
side  are  badly  cracked. 

Dhulai  Bridge^  mile  /55.— The  centre  pier  is  leaning  to  one  side  and  the  line 
on  the  top  is  curved,  and  the  end  piers  are  leaning  inwards.  The  original 
direction  of  the  bridge  was  N  42^  E ;  the  embankment  and  river  bank  on  the 
south-west  side  are  both  very  badly  broken  down. 

Khwat  Bridge,  mile  162,  near  Shaistaganf.^^The  direction  of  the  line  over 
the  bridge  is  nearly  east  and  west.  The  abutment  wall  on  the  eastern  side  is 
leaning  over  to  the  east ;  it  has  sunk  about  2  feet  and  its  balance  wall  is  broken 
ofL  The  next  pier  is,  however,  leaning  towards  the  west,  and  the  girder  between 
the  abutment  and  this  pier  has  slipped  of!  and  is  now  supported  on  a  pile  of 
sleepers.  The  face  of  the  abutment  has  a  dip  of  84®  to  the  west  and  the  face  of 
the  pier  ft  dip  of  St'' to  the  east 

Besdes  the  breaking  down  the  embatikment,  the  railway  line  is  in  many 
cases  bent  into  carves.  These  had  almost  all  been  straightened  ont  again  at  the 
time  of  my  visit*  but  some  severe  cases  were  still  to  be  seen.  The  force  required 
to  bend  the  line  into  curves  must  have  been  very  grest,  as  in  many  places  the 
steel  rails  are  bent  and  curved,  and  the  nature  of  the  curving  of  the  line  sometimes 
seems  to  indicate  movement  of  the  ground   horizontally.  * 

Of  the  horizontal  movement  of  the  ground  I  was,  however,  able  to  obtain  a 
definite  piece  of  evidence.  Between  Daragaon  and  Shaistaganj  the  embankmentt 
which  is  quite  low,  was  much  broken  down  and  the  line  twisted  into  curves  for  a 
considerable  distance,  and  as  I  was  going  over  it  on  a  trolley,  Mr.  F.  P.  Anderson* 
the  Executive  Engineer,  Shaistaganj  Section,  Assam -Bengal  Railway,  pointed 
out  to  me  that  the  line  was  shifted  several  feet  from  its  original  position.  As  the 
alignment  here  was  perfectly  straight  for  a  considerable  distance  and  part  of  it 
hafl  not  suffered  in  the  slightest,  this  could  be  tested  with  certainty,  and  at  my 
request  Mr.  R.  K.  Coxe,  Assistant  Engineer,  Shaistaganj  Section,  set  up  his 
theodolite  and  took  sights  along  the  line.  The  place  we  chose  to  test  was  a  small 
bridge  of  three  20  feet  spans  in  mile  164,  which  was  in  the  centre  of  the  disturbed 
portion  :  this  bridge  was  somewhat  cracked  and  broken,  but  it  was  absolutely 
certain  that  it  had  not  moved  relatively  to  the  surrounding  country  and  trees,  yet 
the  theodolite  showed  that  the  centre  of  the  bridge  was  6  feet  9  inches  out  of  the 
straight  line.    At  the  time  it  was  built  it  was  6  inches  out  and  so  now  it  is  6  feet 
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3  indMs  Itoh  b  original  poAiaa,  and  «■  it  hn  not  mtmi  tcUtiicly  to  the  wr* 
ronnding  cxMntry,  it  prom  that  the  ground  anoui,  which  it  cosifMaed  et  aewcr 
(TecaM)  allBTimn,  aantt  haw  shifted  bodUy  lowaids  the  ncxlb.* 

At  this  pUce  and  many  othen  along  the  line  «bn  the  rail  war  rvas  over 
beds  of  never  aUnvinm  there  aic  iiuitroej  ca*ei  of  cracking  of  the  groaad  aad 
owtpuminga  ol  ^ad  and  vala-,  the  sand  havng  the  sane  characters  as  that 
e)ccted  at  the  other  places  1  vwted.  At  one  place  near  ShlKaganj  S  native 
nd  that  petioleuM  came  op  vith  the  sand,  hot  1  «as  aoabk  to  icrify  that 
itateaaort.  Trace* «(  sand  craters  ^07  mvA  washed  dovn  wac  m^  in  one 
oriaoplacca. 

r— illih  Jii  <  bcA>«  the  euthqnake  at  this  place  a  nmae  was  heard,  vfaid 
the  CoOectar  described  as  the  twise  of  tnias  DOmiag  fra*  the  north-ca*  (othss 
sar  nottb-weat),  htf  after  the  dtock  he  heard  nothiiw.  The  Dirtrkt  EagBcer.  how 
e«v,  told  me  that  the  noise  cootinned  during  the  shade  and  lor  abort  3  Minrtra 
afto-.  and  thea  there  wen  two  reacts  like  ffansfants  in  the  dinanoe.  and  after 
ttbe  fir^  report  the  eartfaciaake  rwmbKt^  ceased  ;  the  directioa  froa  which  these 
^TW^i  came  was  the  aonh«a^  The  informitian  that  the  raabGag  coa- 
tiaead  af^  the  sfaocfc  was  ooBhRaed  by  the  reports  of  ether  people  bat  it 
soas  thea  to  hai«  been  less  load  than  bcfa(&  The  repnrta  were  heaid  hj  ^iseral ' 
people  both  Ertopcaa  and  nxin^  and  bvaoMetheraie  saidtorcscmfalctheBarisal 
gana.  TheK  UCto-  reports  are  heard  £aint!]r  at  other  tima  in  CmmllBh.  chidj 
ia  Ae  mgte  betaeen  >-a    &.■- and  3-0  a.x. 

la  Cemllah  the  damage  dona  by  iha  earthquake  b  t^  than  ia  Dacca,  amd 
of  the  pmia  hoaia.  wtuch  1  saw.  ooIt  two  bad  to  be  evacaxed  after  the  cartb- 
ijaiti  Of  the  Aedkia  of  the  earthqaake>«ave  dte  evidence  ■  aa^Kwhat 
oeooadittvy.  aad  ia  the  following  I  wtC  g:^  aocjants  of  the  chief  cases  cf 
damige  aad  erideaces  of  the  directioa  cf  ihe  rinck.  The  bdfrr  «f  the  cfaanh 
acreaa  bvahorixortal  crack  andthe  top  pan  wassUfted  farwaiJia 
F  W  x^S.  which  is  the  dkecuon  in  which  tiae  chmch  s  set. 
The  topk  and  thr^  ad^  siaarffs  of  a  Hindn  afiwm  in  the  ba^K  h^  filhn.  bat 
Am  pKC^  had  been  removed  bdore  the  :tme  of  my  rait  ;  the  p^KXs  who*  Aey 
^^  fiit-a  ave.  buwesM,  poimed  art  to  ne  bjr  the  keeper  1  of  the  Aria^  and  frort 
thn^  aad  ^e  ma:hs  wfere  ihe  taHia^  pieces  had  strode  a  sde  awmct,  I  pot 
S  teP  W.  The  Datrct  Eagiaeer  notirxd  tk 
I  which  tbe  water  ia  a  mal  tank  M  Cttawtuta  1 
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In  Mr.  Smart's  bungalow  a  lamp,  hanging  on  a  wire  5  feel  loj  inches  long,  in 
llie  verandah,  was  set  swinging  by  the  shock  in  a  direction  which,  as  pointed 
oultome,  was  N  35°  W.  One  of  the  ladies  in  the  station  saw  a  circular 
haystack  rocking  to  and  fro  in  a  direction  approximately  N  W  and  S  E. 
About  two  miles  from  the  slation  to  the  west  and  close  to  one  of  the  main 
roads  there  is  a  Hindu  mutt  from  which  the  top  has  fallen  in  a  direction  of 
N  35°  W.  This  top,  before  the  earthquake,  was  evidently  very  shalty,  and 
the  pieces  which  have  fallen,  and  are  lying  on  the  ground  near  the  base  of 
the  tower,  are  very  much  broken  up.  Near  the  road  which  goes  from  the  DAk 
Bungalow  towards  the  river  and  close  to  the  railway  embankment  there  are  two 
mutts  which  are  leaning  over  to  the  south-east,  the  larger  one  In  a  direction 
of  S  30"  E  and  the  smaller  one  in  a  direction  approximately  of  S  25°  E. 
From  the  Kaliajuri  mutt  the  top  had  fallen  off,  and  although  at  the  time  of 
ray  visit  most  of  the  debris  had  been  removed,  the  mark  where  the  falling 
piece  had  struck  the  ground,  and  a  little  of  the  debris,  was  siill  to  be  seen,  and 
from  these  I  deduced  a  direction  of  N  10°  E  for  the  earthquake-wave.  In 
a  brickheld  close  Co  the  railway  slation  there  is  a  mutt,  from  the  top  of 
which  some  bricks  had  fallen,  probably  separately,  and  these  were  lying  on  the 
ground  close  to  the  base  of  the  tower  in  a  direction  of  N  30°  E  Irom  the  centre 
of  the  tower.  Another  mutt  in  a  small  basli  on  the  other  side  of  the  river  also 
has  its  top  fallen  off'  This  shrine  is  built  on  the  topof  the  bank  of  a  tank,  and 
its  top,  which  came  off  bodily,  fell  on  the  slopes  of  the  bank,  and  then  slipped 
down  it  a  little,  but  the  marks  in  the  ground  tell  where  it  fell,  and  the  direction 
is  to  the  N  E  (N  55°  E).  Prom  tlie  following  table  we  shall  be  able  to  Mc 
better  the  evidence  which  we  have  of  the  direction  of  the  earth  quake -wave : — 

Ihebelfryof  cburch    .        . 

Tank  in  Chaumala 

Hindu  shrine  in  baiar 

Temple  of  Jaganath      ,        . 

Tank  buk  of  Mr.  Dilayne's  house 

Lamp  in  Mr.  Smart's  bungalow     . 

Hai  stack  .... 

Hindu  temple  on  road  to  west 

Big  mutt,  VUt  BuneoJow  Road    . 

Small    „  „        „         •         • 

Mutt  in  brickfield 
Mutt  beyond  river 

Looking  down  this  list  we  find  that  the  majority  of  these  indications, 
including  some  of  the  best  of  them,  point  to  a  direction  about  N  35°  W  and 
S  35°  E,  and  we  may,  I  think,  take  this  as  the  general  direction  tor  the  earths 
quake,  but  the  cases  of  the  last  three  mutts  poirit  to  some  waves  at  least  coming 
from  a  north-easterly  direction. 

For  the  intensity  of  the  earthquake  shock  and  the  velocity  of  motion  of  the  wave 
particle  the  only  building  fron*.  which  any  evidence  can  be  obtained  is  the  mutt  on 
ihe  other  side  of  the  river  35,  in  the  case  of  all  the  other  mutts,  the  top  of  the  fracture 
is  very  irregular,  and  the  fallen  pieces  may  possibly  have  come  down  separate.  This 
mutt,  which,  as  before  described,  is  built  on  the  top  of  the  sloping  side  of  a  tank,  is 
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polygonal  in  its  lower  part,  and  on  this  is  built  a  tapering  spire,  the  lop  of  which  has 
fallen  in  one  piece  on  to  the  bank  of  the  tank.  After  (ailing  the  top  has  slipped  a 
little,  but  the  mark  in  the  ground  shows  where  it  first  struck  it,  and  also  shows  that 
the  top  was  at  least  partially  overturned  before  it  reached  the  ground,  where  it  is 
now  lying  on  its  side  with  its  base  towards  the  tower.  The  following  necessary 
dimensions  and  measurements  were  made  (or  me  by  the  District  Engineer  :— 

Len^h  or  fallen  pirce 6  feet. 

Dismster  it  bue 2  fent  6  Inchci. 

D»-       "ttop 8  inches. 

Horizontal  diUance  □(  fallsn  piece  Iroii  the  centre  of 
the  niult,  i,f.,  hotiiontal  distance  of  inner  edge  of 
mark  where  top  Struck  the  groDnd  from  the  centre 

of  the  mutt t>  feet. 

Diameter  of  tower  at  iti  base u  iget. 

Height  of  base  of  matt  above  where  the  top  lirit  struck 

ground 3  feet. 

Height  of  mutt  as  it  now  stands 43  feet  G  inches. 

Prom  these  measurements,  I  think,  a  minimum  valtie  fur  the  velocity  of  tha  wave 
particle  may  be  calculated. 

Hogra.— Between  Mogra  andAkhaura  .about  30  miles  north  of  Comillah,  I  visited 
a  Hindu  temple  which  had  fallen  completely  over,  only  small  pieces  of  (he  bottom 
of  the  walls  being  left  standing;  unfortunately,  at  the  time  I  saw  it,  (he  greater  part 
of  the  debris  had  been  removed  by  order  of  the  Maharajah  of  Hill  Tipperah,  in 
order  that  the  idol  might  be  rescued,  but  there  was  still  sufficient  evidence  remain- 
ing for  me  to  measure  the  direction  in  which  the  temple  had  fallen  over,  and  my 
reading  was  S  30°  E,  which  would  indicate  a  direction  of  the  earthquake- wave 
very  nearly  the  same  as  that  I  obtained  for  Comillah.  One  of  the  natives  here 
told  me  he  heard  a  noise,  like  a  sharp  clap  of  thunder  in  the  distance,  about  13 
minutes  after  the  earthquake.  * 

A  minaret  had  fallen  freely  (rom  one  of  the  Hindu  shrines  near  Mogra  station 
in  a  direction  of  N  30''  W,  and  the  south-east  comer  of  the  pucca  wall  at  Mogra 
Headquarters  House  had  fallen  out. 

CUttaffOng.— The  earthquake  was  not  felt  so  severely  at  ChitUgong  as  at  the 
other  stations  I  visited,  and  the  damage  there  was  confined  to  cracks  in  few  huuses 
of  which  the  following  are  the  chief  cases.  In  the  Anglican  Church  there  are  several 
cracks  both  north  and  south  and  east  and  west,  hut  ihe  former  are  most  prominent, 
one  of  them  running  between  the  chancel  and  the   nave.      In   the   Old    Municipal 
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One  of  the  clerks  in  the  District  Engineer's  office  told  me  that  directly  he  felt 
the  earthquake  he  rushed  out  of  his  house  to  watch  the  water  in  the  tank  close  by. 
The  size  of  the  tank  is  80  feet  by  85  feet,  and,  according  to  him,  the  direction 
in  which  the  water  was  swaying,  when  he  first  saw  it,  measured  as  W  20°  S, 
and  he  tells  me  that  this  gradually  turned  in  a  direction  opposite  to  that  of  the 
hands  of  a  watch  until  the  water  was  moving  almost  exactly  north  and  south. 

Sirajgaoj. — At  Sirajganj  the  earthquake  was  very  severely  felt,  the  Sirajganj 

Jute   Mill   being    badly   wrecked,   and   many   of     the   houses   in   the    bazar  in 

complete  ruin.     Unfortunately,  although  so  much  damage  has  been  done,    there 

is  nothing   to  indicate   the  direction     from  which  the  earthquake  waves    came, 

and    without   this     information    other  observations,    from   which   the  angle     of 

emergence,  velocity  of  motion  of  wave  particle,  etc.,  might  be  calculated,  are  of  no 

avail,  and   so  I  will    merely     give  a   few    notes  on  some  of  the    most  prominent 

buildings  damaged  by  the  earthquake. 

The   Sirajganj  Jute  Mill   had   suffered    very  severely,  so    much  so  that  the 

building  has  had  to  be  abandoned  ;  all  the  walls  are  very  badly  cracked  and  some 

have  fallen   down,   whilst  ethers   are   leaning  outwards,   the  roof  has   fallen  in 

places,  and  the  top  of  the  chimney  has  fallen  down.    The  damage,  too,  is  increased 

by  a  number  of  large  cracks  in  the  ground  underneath  the  mill  and  across  its 

compound,  which  are  nearly  all  running  in  a  direction  about  N  55°  E,  and  those  I 

measured  varied  in  direction  from    N  38°  E  to  N  70°  E,  but  the  biggest  and  most 

prominent   ones   are  in    the  direction   mentioned   above,   which   is  about  a  mean 

between  these  last  two ;  the  damage  effected  by  these  cracks  is  increased,  too,  by 

the  sinking  of  the  ground  on  one  side  of  them.     In  the  walls  of  the  mill  buildings 

there  are  not  so  many  windows,  doors,    and  other  openings  as  in  private  houses, 

and  the  following  is  a  list  t>f  some  of  the  cracks,  whose  dip  I  measured  : — 

In  wall  bearing  N.  26°  E,  crack  dips  57°  to  S. 

„  „          Ei7'»S,  „       5i°toW. 

„  „          E  20®  S,  ,,        46°  to  W. 

„  „           E    80  N,  „        48°  to  W. 

P'rom  the  mill  chimney  the  top  has  fallen;  before  the  shock  it  was  iio 
feet  high,  but  at  present  is  only  79  feet  high,  31  feet  of  it  having  fallen.  This 
fallen  part  did  not  fall  en  masse,  but  the  upper  portion  of  the  stack  apparently 
crumbled  with  the  violent  agitation,  and  the  bricks  fell  separately,  or  a  few  at  a  time, 
and  the  upper  surface  of  the  part  left  standing  is  very  irregular.  The  bricks  were 
lying  all  round,  and  an  examination  of  the  debris  showed  that  there  had  been  very 
little  cohesion  between  the  bricks  and  the  mortar,  as  almost  all  the  bricks  after  the 
fall  were  clean,  or  else  the  mortar  could  be  separated  from  them  by  hand  ;  the 
mortar  was  very  inferior,  with  very  little  lime  in  it,  and  at  the  time  the  chimney  was 
built  the  bricks  had  evidently  not  been  properly  steeped  in  water. 

The  southern  walls  of  a  row  of  godowns  have  partly  fallen  out  towards  the 
south  (Plate  XXIX,  fig.  i).  The  walls  bear  E  19°  S,  and  are  2  feet  i  inch 
thick,  and  the  side  walls  of  the  building  to  which  they  are  joined  are  15  inches 
thick.  In  the  worst  case  the  upper  portion  of  the  wall  has  fallen  outwards  after 
fracturing  the  junction  with  the  end  walls,  and  an  examination  of  the  debris  shows 
that  the  upper  part  of  the  wall  has  fallen  bodily.    The  roof  is  made  of  galvanised 
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iron,  which  ia  supported  on  girdera,  the  main  ones  of  whkh  rest  on  cast-iroii 
pillars  let  into  the  side  walls,  and  as  only  the  light  cross  girdrrs  rert  on  the  end 
walls,  which  have  fallen,  there  was  very  little  pressure  from  the  roof  on  them. 

The  manager's  house  was  badly  cracked,  especially  at  one  end  (Plate 
XXIX,  fig.  9)1  here  in  a  wall  bearing  N  16°  E,  there  are  cracks  wilb 
dips  of  53°  and  54°.  In  the  baiar  almost  all  the  pucca  houses  were  wrecked, 
and,  after  examining  a  number  of  them,  I  came  to  the  conclunon  that  tho-e  was 
no  evidence  of  the  direction  of  the  shock,  as,  if  in  one  house  the  N  W  and  S  B 
corners  were  the  worst,  in  another  the  NE  and  S  W  corners  were  sa  Half 
the  post  o£Bce  has  fallen  over  to  the  south-west,  but  this  is  probably  largely 
due  to  there  being  a  tank  close  to  the  house  on  this  side,  the  banks  of  which  are 
very  badly  cracked.  In  the  jail  the  upper  part  of  the  wall  in  the  sotith.east 
comer  and  part  of  the  south  and  east  walls  have  fallen  outwards.  The  southern 
wall  bears  W  5°  N,  and  the  upper  part  of  this  for  a  length  of  94  feet 
had  fallen  :  the  height  of  the  wall  before  the  shock  was  14  feet  6  inches,  and  ita 
thickness  ao  inches,  and  the  lower  part  left  standing  afterwards  was  6  feet  6  inches 
high.  The  eastern  wall  was  at  right  angles  to  the  southern,  and  of  the  same 
hdght  and  thickness  as  it,  and  also  the  lower  part  left  was  of  the  same  height  as 
in  the  other  case;  of  this  wall  a  length  of  71  feet  had  fallen. 

Both  in  Sirajganj  and  in  the  surrounding  country  the  ground  is  very  badly 
fissured,  but  the  direction  of  these  cracks  varies  very  greatly.  Although  there  ia 
a  tendency  for  the  Dan  Bandi  River  banks  to  be  fissured  parallel  to  the  stream, 
these  craclu  are  quite  suborcinate,  and  the  mam  fissures  run  obliquely  to  the  riveri 
and  even  cross  it,  still  keeping  their  direction.  As  at  every  other  place  I  have 
vis'ted,  which  is  on  the  newer  allnvium,  sand  and  water  was  forced  up  through 
the  fissures,  and  has  spread  over  tlie  surrounding  country,  and  in  appearance  the 
deposited  sand  is  exactly  like  that  seen  at  other  places.  I  was  told  by  those  who 
watched  it  that  the  liquid  mud  continued  to  be  forced  up  for  about  half  an  hour 
after  the  earthquake  ceased,  probably  owing  to  the  weight  of  the  fissured  surface 
beds  pressing  on  the  semi-liquid  stratum  below.  Of  the  depth  from  which  the 
aand  came  there  is  no  visible  evidence,  but  I  am  told  that  when  digging  wdls 
at  Sirajganj,  they  find  first  35  feet  of  mud  and  then  sand  like  that  forced  up. 
Tanks  and  other  excavations  were  points  of  weakness  in  tfe  upper  bed  of  mud, 
and  into  many  of  them  the  sand  and  water  has  been  forced  up,  and  in  some  cases 
the  tanks  are  entirely  silted  up. 
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Fig.  33.     Chimney  in  jail 
at  Bhagalpur. 


The  buildings  principally  damaged  are  the  jail  and  the  church* 
In  the  jail  the  most    serious  damage  has  been  done  to  the  factory  chimney,  a 
slightly  tapering  structure  built  on  a  square  plan  and  oriented  N  62°  E,  N  28°  W. 
The  sketch,  fig.  32,  represents  the  appearance  of  the  side  facing  S  62*  W. 

The  upper  part  of  the  chimney  is  uninjured  ;  the 
side  facing;  S  28°  £  also  shows  no  signs  of  injury, 
while  the  opposite  side  facing  N  28^  W  has  four 
horizontal  cracks,  in  which  the  lower  part  has 
moved  outwards  away  from  the  upper  portions* 
forming  a  series  of  steps  and  giving  rise  to  the 
inclined  cracks  visible  on  the  sketch.  They  are 
quite  similar  on  the  side  facing  N  62**  E,  but 
slightly  wider. 

The  part  of  the  st  ructure  which  has  been 
displaced  has  moved  towards  a  direction  N  28°  W, 
or  perhaps  a  few  degrees  more  west,  on  account 
of  the  slightly  ^'ider  cracks  on  the  north-eastern 
face.  This  may  not  be  the  exact  direction  of  the 
shock,  since  the  structure  is  a  square  one,  and 
moves  more  easily  along  certain  directions.  There- 
fore the  direction  may  have  been  several  degrees 
further  north  or  further  west  than  that  along  which 
the  masonry  has  moved.  As  other  evidence  points  more  nearly  to  an  east-to-west 
direction,  we  may  abandon  the  supposition  of  its  having  been  more  towards  the 
north  than  the  direction  observed.  It  is,  therefore,  more  probable  that  the  direction 
of  the  shock  was  some  degrees  more  to  the  west  than  that  in  which  the  masonry  has 
been  observed  to  move,  the  limit,  however,  being  the  S  73°  E— N  73"  W  diagonal, 
for  had  the  shock  followed  exactly  the  direction  of  the  diagonal,  there  would 
remain  little  reason  for  the  difference  in  the  manner  in  which  the  several  faces 
have  been  affected. 

The  District  Engineer  in  his  reports  made  out  the  direction  to  be  from  N  10°  W 
towards  S  lo*^  E.  The  reasons  for  this  estimate  are  not  given,  but  {taking 
into  consideration  the  facts  above  referred  to,  the  direction  given  appears  to  be 
too  near  north  and  south;  we  see  also  in  the  case  of  the  chimney  that  the 
portion  whk:h  is  displaced  has  moved  towards  the  west  and  north,  not  towards 
the  east  and  south.  The  structure  must  have  been  swinging  as  upon  a  hinge 
round  various  layers  of  bricks  of  the  wall  facing  S  28°  E,  the  oscillation  of 
the  chimney  being  in  a  direction  S  28°  E  — N  28°  W.  This  must  have 
loosened  the  lower  part  of  the  structure  and  allowed  it  to  move  to  the  north-west 
under  the  impulse  of  the  shock.  As  previously  obj-erved,  however,  it  is  probable 
that  the  direction  of  oscillation  was  influenced  by  the  shape  of  the  structure,  and 
we  may  take  it  as  a  rough  estimate  that  the  direction  of  the  shock  may  have  been 
about  E  30°  S   towards  N  30°  W. 

There  are  some  slight  injuries  in  the  prison  wards.  These  are  long  red-brick 
buildings,  consisting  of  a  ground  floor  and  upper  story  with  a  few  transverse 
partition  walls,  disposed  in  a  radiating  manner  round  a  central  tower.  This  tower 
is  intact*     The  only  injuries  in  the  wards  are  in  the  transverse  walls  on  the  upper 
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floor,  and  they  are  so  evidently  the  result  of  peculiarities  in  the  constritcCion 

that  they  are  not  very  oseful  for  determining  the  direction  of  the  thock. 
One  more  building  is  badly  injured  in  the  jail; 

but  it  ii  designed  in  a  manner  specially  liable   to 

suffer  from  a  faultty  of  this  kind.  It  is  a  small 
'  watch-tower,  a  polygonal  building  with  arches 
I  supporting  a  dome.  The  key  of  each  of  these 
:  arches  has  become  displaced  by  the  shock,  and 
'  determined  at  once  a  gaping  crack  which  could  no 

longer  close  up.    These  have  given  way  in  the 

same  manner   on  all   sides,    ihe  dome  itself  has 

remained  without  support  and  is   cracked.     This 

building,    however,    affords    no   clue    as   to     the 

direction  of  the  shock ;  it  will  be  seen  from 
;  the    plan    of   the  building  that  the  arches  are 

'  particularly  weak  as  there  is  nothing  to  bear  the  horizunlal  pressure  resulting 
J  from  them,  and  as  soon  as  one  of  the  voussoirs  gives  way  thestruciure  is  hopelessly 
'wrecked,  for  the  cracks  cannot  close  up  again  as  they  might  in  a  building  con- 
sisting of   horizontal  layers. 

The  choir  of  the  station  church  has  been   ruined   by  the  fall  of  a  pillar  and  of 

thereof  which  it  supported.    It  is  difficult  to  say  whether  it  is  the  pillar  that 

brought  down  the  roof  or  the  roof  that  brought  down  the  pillar.     It  would  seem 

that  the  damage  is  to  be  ascribed  rather  to  peculiarities  in   the  building  than  to 

the  violence  of  the  shock. 

The  building  consists  of  a  central  nave  with  two  aisles.    As  will  be  seen  on 

the  following  diagram,  the  buttresses  give  the  building  an  illusory  appearance 
J  of  solidity  for  they  merely  strengthen  the  outer  wall,  which  is  quite  disconnected 
■  from  the  inner  row  of  pillars  and  arches  which  have  to  bear  the  weight  of  the 
I  central  roof.  This  roof  is  supported  by  beams  and  by  wooden  arches,  both 
'   transverse  and  diagonal.    The  beams  are  all  transverse  and  are  placed  both  upon 

the  pillars  and  the  centre  of  the  longitudinal  arches  of  the  masonry  wall. 


APPENDIX  A;    E.  VREDENBURG. 


305 


The  wooden  arches 


ft'ith 


[  quite  differenl  fi 
ordinary  cross- vaulting-,  which  c; 
;  weight  upon  the  pillar: 
3  carry  a   considerable 


only  bear  a  fraction  of  ihe  weight  of  the  roof,  the  crKcct 


;  «the 


3  penetrate 


e  proportion  of  the 
weight  on  to  the  masonry  wall  at  its  weakest 
points,  being  the  points  of  the  lateral  arches, 
each  of  which  carries  a  beam  on  either  side  as 
shown  in  the  section.  The  elTect  differs  also 
from  that  of  an  ordinary  ceiling  which  would 
have  many  more  beams,  distributing  the 
weight  far  more  evenly. 

Another  cause  of  weakness  is  the  small  distance  to  which  the  beam 
into  the  masonry,  which  appears  out  of  proportion  with  their  span, 
probable  explanation,  therefore,  is  that  one  of  the  beams  was  actually  dislodged, 
and,  in  falling,  carried  down  the  roof,  which  in  turn  wrecked  the  pillar.  It  is  the 
eastern  pillar  at  the  exiremiiy  of  the  northern  series  of  the  inner  walls.  The 
building  is  oriented  exactly  east  and  west,  the  choir  occupying  the  eastern  end. 

I  have  gone  into  these  details  at  some  length  in  order  to  show  that  the  damage 
to  this  building  is  the  result  of  somewhat  special  circumstances;  otherwise  it 
might  give  an  erroneous  idea  as  to  the  intensity  of  the  shock  at  Bhagalpur.  The 
remainder  o(  the  building  is  almost  without  any  injury.  There  is  a  crack  through 
the  window  in  the  east  wall,  but  this  might  be  merely  the  result  of  the  failing  of  the 
adjoining  pillar  and  roof. 

The  little  pinnacles  and  turrets  are  all  uninjured  with  the  exception  of  those  a 
Ihe  west  end  which  have  had  the  plaster  and  bricks  shaken  off  their  upper  part, 
merely  the  knob  remaining,  supported  on  an  iron  rod.  A  small  belfry  springs 
from  the  centre  of  the  pediment ;  its  upper  part  has  broken  but  has  not  fallen, 
owing  to  the  iron  rod  that  runs  through  it.     It  is  bent  in  a  north-west  direction. 

According  to  the  station  master  and  the  telegraph  clerk  at  the  railway  station, 
the  earthquake  began  at  4-25  railway  times  the  telegraph  clerk  says  it  lasted 
till  4*29  and  the  station  master  until  4-30.  I  have  ascertained,  however,  that 
these  railway  clocks  are  not  strictly  correct ;  variations  may  amount  to  as  much  as 
two  minutes. 

Jam&lpur. — This  town  Is  built  an  a  very  regular  plan.  All  the  houses  and  all 
the  workshops  of  the  East  Indian  Railway  are  oriented  in  the  same  manner, 
aboutNao^E-N?""  W. 

The  effect  upon  the  buildings  has  been  the  same  in  most  cases  ;  the  walls  facing 
north  or  south  are  cracked,  while  those  facing  east  or  west  are  considerably 
displaced  from  the  vertical,  or  have  actually  given  way ;  the  effect  remains  similar 
whether  the  longer  axis  of  the  building  is  i 
direction. 

The  violence  of  the  shock  appears  to  ha^ 
storied  buildings  have  remained  mtact;  the  cor 
out  the  entire  height  of  the  building.  In  most  1 
taken  down  at  once  and  many  houses  will  have 


I  north-south    < 


3  been  very  great ;  very  few  two- 
lers  have  often  collapsed  throii|rh- 
aaes  the  upper  stories  had  to  ba 
o  be  entirely  rebuilt. 
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The  sketch,  Rg.  36,  gives  3  tolerably  typical  example  of  the  kind  of  damage. 


Fig.  36.   Hoau  at  Jamalpur,  faciog  5  30"  W. 

though  the  degree  of  injury  is  here  comparatively  slight.  The  side  of  the  house 
shown  in  the  sketch  faces  S  to'  W. 

The  chimneys  situated  upon  the  rooFs  of  houses  have  given  way  without 
exception,  and  it  will  be  noticed  that  whenever  the  lightning  conductor  has  been 
bent  by  the  falling  structure,  it  is  in  a  westerly  direction.  This  is  all  the  more 
remarkable  as  the  chimneys,  which  are  square,  have  their  diagonals  corresponding 
with  the  axes  of  the  houses. 

The  next  sketch  shows  a  house  in  which  the  nestern  front  presents  no  cracks 
(the  north-cast  corner  of  the  house  has  totally  collapsed) ;  the  lightning  condnctor 
is  seen  to  be  bent  in  exactly  the  same  direction. 
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More  remarkable  still  are  the  houses  situated  in  a  symmetrical  position,  with 
iheir  front  carrying  the  chimney  facing  east  instead  of  west.  In  that  case  the 
chimneys  have  fallen  inward  instead  of  outward,  dragging  the  lightning  conductor 
after  them,  so  that  it  is  still  bent  in  a  westward  direction. 

Taking  into  account  the  orientation  of  the  houses,  these  results  agree  with  the 
direction  as  indicated  at  Bhagalpur,  that  is,  the  shock  would  have  proceeded 
from  a  direction  S  20**  to  30°  E. 

Mr.  Rednell,  the  Locomotive  Inspector,  happened  to  be  outside  his  house  at  the 
time  the  earthquake  began,  and  he  watched  it  very  carefully  from  the  commence- 
ment; he  realized  the  nature  of  the  phenomenon  at  once  owing  to  the  vibration  of  a 
large  iron  roof  built  over  the  terrace  of  the  house.  The  earthquake  commenced  at 
4-27  railway  time,  and  lasted  seven  minutes.  According  to  Mr.  Rednell,  the  first 
vibration,  which  was  very  moderate,  was  approximately  in  a  north^south 
direction,  and  lasted  about  two  minutes  before  the  shock  became  more  serious  and 
assumed  its  east-west  direction. 

It  should  be  noticed  that  Jam al pur  (like  Tinpahar  and  Sahibganj)  differs 
from  most  of  the  towns  I  have  visited,  in  being  built  at  the  very  foot  of  the  hills, 
with  rock  appearing  at  the  surface  in  many  places,  while  the  other  towns  are 
built  upon  a  great  thickness  of  alluvium. 

One  of  the  chimneys  in  the  workshops,  built  on  a  circular  plan,  was  damaged, 
but  it  had  already  been  pulled  down  when  I  arrived  ;  the  crack,  as  described  to  me, 
was  vertical  and  ran  through  the  chimney  in  an  east- west  direction;  the  northern 
side  was  bulged  out  a  little  more  than  the  southern. 

The  workshops  are  oriented  just  like  the  houses,  but  with  their  longer  dimension 
east  and  west  instead  of  north  and  south,  the  walls  facing  east  and  west  are  torn 
away  from  the  building  or  have  collapsed. 

The  church  and  one  large  building  next  to  it  have  escaped  without  a  single 
injury.  This  is  perhaps  largely  due  to  their  excellent  constructron*  A  very  short 
way  east  of  these  two  buildings,  the  ground  slopes  suddenly  towards  a  large 
reservoir;  if  we  suppose  the  shock  to  have  come  from  the  east,  this  solution  of 
continuity  in  thp  surface  of  the  ground  may  not  have  been  without  influence  in 
interrupting  the  vibration. 

Monghyr. — The  damage  appears  to  be  about  the  same  in  degree  at  Monghyr 
as  at  Jamalpur.  Many  of  the  one  storied  houses  are  injured,  but  they  are  of  a  very 
inferior  style  of  construction  compared  to  those  of  Jamalpur. 

One  of  the  worst  damaged  buildings  is  the  Baptist  Chapel.  The  plan  is  not 
unlike  that  of  the  church  at  Bhagalpur,  as  it  has  an  inner  room  with  flat  ceiling 
and  an  outer  portico,  these  parts  being  without  any  connection  other  than  that  of 
the  wooden  beams  which  they  support.  The  walls  of  the  inner  hall,  however,  have 
more  consistence  than  at  Bhagalpur;  they  have  no  arches,  but  only  a  series  of 
doors  in  their  lower  part. 

The  axis  of  the  building  runs  north  and  south.  Over  the  porch,  which  faces 
north,  is  a  square  tower  with  curious  round  windows.  This  tower  is  cracked  right 
through  both  from  north  to  south  and  east  to  west,  the  northern  and  southern  faces 
being  the  most  injured.  A  great  portion  of  the  masonry  has  fallen  southwards, 
bringing  down  with  it  the  roof  of  the  church  ;  in  other  parts  of  the  building  the  roof 
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has  not  collapsed,  but  the  walls  have  been  moved  out  of  the  verticali  the  beams 
being  displaced  to  a  conuderabie  extent.  The  effect  is  what  might  have  been  pro- 
duced by  a  shoe  k  Iravelling  in  an  approximately  east-west  direction.  The  porticoes 
tothe  east  and  west  are  alfo  afiectcd  in  the  same  manner ;  at  the  corners  of  the 
building  the  arches  facing  north  and  south  are  much  more  damaged  than  those 
facing  east  and  west.     A  portion  of  the  cornice  from  the  eastern  portico  felt  east. 

The  E-W  direction  of  the  shock  is  clearly  shown  in  another  injured  buildiiigk 
the  ctock-tower.  This  is  a  structure  in  red  bricks  rising  above  an  arched 
gateway,  facing  W  5°  N.  The  eastern  and  western  wall  of  the  tower  are 
supported  by  flying  buttresses ;  these  have  acted  as  a  protection  to  the  arched 
windows  placed  between  them,  but  as  the  shock  came  from  the  east,  and  there 
is  no  structure  of  the  same  kind  protecting  the  north  and  south  walls,  the  lower 
part  of  the  tower,  as  far  as  the  upper  part  of  the  flying- buttresses,  has  moved 
bodily  towards  the  west,  causing  the  collapse  of  the  arched  windows  on  the  north 
and  south  walls;  the  damage  is  particularly  great  on  the  north  side. 

One  of  the  buildings  accompanying  the  little  mosque  in  the  cemetery  has  had 
its  western  extremity  injured  by  a  crack  inclined  at  about  85°  to  the  horiion  and 
hading  west.  It  shows  equally  well  on  both  the  northern  and  southern  aspects. 
The  buildings,  however,  are  placed  on  a  small  mound,  and  the  outer  walls,  from 
Iheir  situation,  would  be  predisposed  to  injury. 

In  a  house  not  far  distant  the  east-west  direction  is  better  shown  by  a  wall 
facing  west,  which  has  become  detached,  notwithstanding  two  solid  butlressea. 

The  Collector's  house,  a  one  storied  structure  built  on  an  eminence,  has  a  seitu> 
circular  ^-erandah  facing  5°  north  of  west,  which  is  very  badly  wrecked  ;  the  sym- 
metrical one  facing  5°  south  of  east  is  also  damaged,  but  to  a  less  extent.  The 
rest  of  the  huuse  is  not  much  damaged  except  for  a  few  arches. 

The  post  office  is  a  one  storied  building,  with  a  verandah  facing  west,  and  a 
smaller  one  facing  east.  These  are  carried  by  pillars  which  are  not  built  on  the 
game  plinth  as  the  house.  Neither  of  them  has  collapsed,  but  twth  are  damaged 
and  rent  apart  frora  the  house,  the  western  one  especially.  The  rest  of  the  building 
has  suffered  little. 

Many  one  storied  houses  and  the  tall  houses  of  the  baiar  are  badly  damaged, 
but,  owing  probably  to  their  imperfect  construction,  the  cracks  fultow  no  spiecal 
direction,  and  their  ruin  merely  bears  witness  to  the  violence  of  the  shock. 

Puraiflh.  — At  Purniah  the  houses  are  built  in    such  a  manner  as  to   Rive   littfe 
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mrrOuhding  alluvial  plain.  The  fissures  ran  parallel  with  the  direction  of  the 
road  along  its  western  portion,  and  the  western  slope,  as  far  as  the  bridge,  for  a 
distance  cf  750  feet ;  the  low  ground  under  the  bridge  was  flooded  when  I  sa\^ 
it,  but  at  the  time  of  the  earthquake  it  was  dry  and  the  cracks  extended  under 
the  bridge  for  another  150  feet.  The  bridge  is  an  iron  structure  and  is  not 
injured.  The  road  at  this  place  runs  N  30'^  E.  When  I  saw  it,  it  was 
being  rapidly  repaired,  and  a  gang  of  coolies  were  busy  filling  the  fissures  with 
rubble;  yet  in  many  places  the  cracks  were  still  more  than  ten  feet  deep;  some 
were  over  afoot  in  width. 

It  is  not  merely  the  somewhat  unsupported  ground  of  the  embankment  which 
has  been  effected,  for  some  of  the  fissures  are  in  the  plain  at  the  base,  so  that  a 
permanent  displacement  of  the  ground  must  have  taken  place  at  the  surface,  at 
least   in  the  immediate  neighbourhood  of  the  embankment. 

Fissures  were  opened  in  many  other  places  at  Purniah,  particularly  on  the 
banks  of  rivers ;  they  do  not  exhibit  any  constant  direction,  but  follow  lines  of 
weakness  in  the  ground. 

Sahibganj. — At  Sahibganj,  which  is  situated  at  the  very  foot  of  the  Rajmahal 
hills,  the  effects  have  been  still  worse  than  at  Purniah.  Even  the  low,  one  storied 
houses  of  the  railway  officials,  which  are  built  of  good  masonry  with  iron  beams, 
have  been  badly  damaged,  some  of  them  even  completely  ruined.  When  they  are 
examined,  however,  it  is  seen  that  they  have  given  way  in  the  weakest  portions 
without  reference  to  any  special  direction.  P'or  instance,  many  houses  oriented 
S  10°  W  have  had  the  verandah  separated  from  the  house. 

The  Institute  is  a  large  building  oriented  in  the  same  manner ;  it  has  an  upper 
story,  and  is  surrounded  by  a  portico.  It  is  almost  completely  wrecked,  but  arches 
doors,  and  windows  are  so  numerous  that  the  cracks  have  merely  followed  the  easiest 
path  offered  to  them.  The  building  had  a  tower  on  the  south  side  that  fell  south. 
The  railway  station  faces  the  Institute,  being  similarly  oriented ;  it  had  also 
a  clock  tower,  placed  on  the  north  fapade  which  fell  north,  causing  the  collapse  of 
thtf  stone  portico  beneath. 

The  northern  wall  in  a  small  mosque,  a  compact  building  about  twenty  feet 
high,  three  sides  of  which  at  least  are  without  large  openings  or  with  only  blind 
arches,  has  one  crack  hading  west,  but  by  referring  to  the  western  wall  it  will  be 
seen  that  the  cracks  follow  no  law,  except  that  they  are  developed  in  the  weakest 
part  of  the  building,  that  is,  the  corners.  The  northern  crack  of  the  main  wall, 
taken  in  connection  with  the  crack  in  the  northern  wall  would  represent  the 
shock  as  proceeding  from  the  south-east ;  there  is  a  parallel  crack  at  the  northern 
corner  of  the  mihrab,  but  it  is  situated  exactly  in  the  same  manner  as  regards 
the  masonry.  At  the  southern  corner  of  the  building  the  cracks  are  m  exactly  the 
opposite  direction.  The  southern  little  turret  on  the  mihrab  has  fallen  partly  inwards 
to  the  east,  partly  to  the  south.  The  southern  face  of  the  building  is  intact ; 
the  eastern  face  is  the  most  injured,  but  it  consists  of  arches  to  which  the  damage 
is  restricted. 

In  the  bazar,  where  there  arc   many  rows  of  two  storied  houses,   almost  every 
bui  Iding  is  wrecked. 

Two  clocks  were  stopped  in  the   railway   station  ;    one  of  them  stopped  at  4-28 
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r&ilway  time ;  the  other  one,  in  the  railway  telegraph  office,  itopped  at  4-30. 
Possibly  they  did  not  stnp  exactly  at  the  same  time  1  but  diRerences  amauntii^ 
to  that  extent  do  exist  between  the  different  clocks  at  one  station,  as  they  are 
wound  only  once  a  week.  The  station  master's  appreciation  of  the  duration  of 
the  earthquake  was  that  it  lasted  three  minutes. 

Fissures  opened  out  in  the  ground  in  many  places  in  the  immediate  neighbour- 
hood of  Sahibgnnj.  This  Is  interesting,  taken  in  connection  with  the  absence  of 
cracks  at  J  am  al  pur  and  Monghyr;  the  thickness  of  alluvium  and  loose  ground 
cannot  be  less  at  Jamalpur  than  at  Sahibganj,  tor  both  are  situated  at  the  very 
limit  of  the  alluvial  area,  while  at  Monghyr  the  lhickne°s  must  be  much  greater. 
This  confirms  the  conclusion  arrived  at  from  the  state  of  the  buildings,  that  ,the 
shock  was  much,  more  intense  at  Sahibganj  than  at  the  two  abovementioned 
localities. 

Tiapahar.— At  Tinpahar  the  railway  station  and  smaller  buildings  surrounding 
it  are  much  shattered.  As  at  Sahibganj  they  are  in  the  immediate  vicinity  of  the 
hills.  The' railway  station  is  a  long  building  facing  N  70°  E,  with  an  upper  story 
cccupying  only  the  middle  part  of  the  building,  as  shown  in  fig.  38.  The  shaded 
portions  of  the  upper  floor  have   entirely  collapsed. 

At  the  northern  extremity,  on  the  ground  floor,  is  a  waiting  room,  which,  shows 
somewhat  regular  cracks ;  it  occupies  the  entire  width  of  the  building.  In  the 
eastern  and  western  wall  the  cracks  agree  in  direction  ;  but  they  are  also  similarly 
situated  with  regard  to  the  corners  of  the  edifice.    In  the  northern  wall,  hon-ever> 
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A  large  mosque,  now  transformed  into  a  hospital,  has  one  crack  in  its  northern 
^all,  and  one  in  its  southern  wall  running  through  the  apex  of  the  arches.  The 
rest  of  the  building  and  the  domes  are  uninjured. 

The  large  railway  station,  a  long  building  facing  SE  is  almost  entirely 
wrecked  owing  to  the  walls  having  swayed  south-east  and  north-west,  which 
has  displaced  the  iron  beams.  One  of  the  clocks  in  the  railway  station,  facing 
south-east,  stopped  at  4-30;  another  facing  north-west,  did  not  stop.  According 
to  the  station  master,  the  shock  lasted  three  minutes. 

At  the  time  of  the  earthquake  Mr.  McGavin,  the  Collector  and  Magistrate, 
was  on  the  opposite  side  of  the  river  to  that  where  Rajmahal  is  situated.  The 
ground  cracked  in  many  directions,  and  water  and  mud  were  ejected  from  the 
fissures.  Some  of  the  indigo  fields  were  entirely  flooded  with  a  kind  of  soft  mud. 
In  some  places  the  jets  of  water  and  mud  formed  small  conical  mounds  with  a 
crater,  about  one  foot  high.    The  largest  fissure  observed  was  three  feet  wide. 

The  earthquake  had  a  curious  effect  upon  the  fish  in  the  river  near  Rajmahal ; 
they  rushed  into  side  creeks,  several  of  which  communicated  with  tanks,  where  they 
collected  in  large  numbers. 

Berhaii^)ur. — The  four  towns  of  Berhampur,  Murshidabad,  Baluchar,  and 
Azimganj  are  the  most  damaged  that  I  have  seen,  scarcely  a  building  being  left 
entirely  standing,  and  even  those  which  have  not  collapsed  are  badly  injured. 

At  Berhampur  the  Government  Offices  are  situated  in  large  buildings,  of  ex- 
cellent construction,  formerly  used  as  barracks.  They  are  double-storied  buildings, 
facing  S  20°  VV.  The  corners  have  generally  given  way  ;  on  the  upper  floor  part 
of  the  ceiling  has  fallen  down  in  each  of  these  barracks,  also  carrying  down  the 
ceihngs  of  the  lower  story.  In  one  of  the  buildings  some  bricks  from  the  south- 
east corner  were  projected  a  long  distance,  over  one  hundred  feet,  to  the  east,  but 
as  the  corner  fell  throughout  the  entire  height  of  the  building,  which  is  50  to  60  feet, 
they  may  have  been  propelled  rather  by  the  falling  mass  than  by  the  shock.  The 
greatest  part  of  the  masonry  fell  outwards  at  a  short  distance. 

The  dak  bungalow,  church,  post  office,  etc.,  are  situated  in  long  rows  of  low 
buildings  with  arches  on  either  side.  They  are  very  massive  buildings,  about  20 
feet  in  height.  Both  the  inner  walls  and  outer  arches  are  considerably  thrust  out- 
wards by  the  beams  they  support,  which  have  been  displaced  as  much  as  one  foot 
in  some  places.     The  orientation  is  the  same  as  that  of  the  barracks,  S  20°  W. 

The  southern  end  of  one  large  double-storied  house  facing  S  70°  E  has 
entirely  collapsed.  In  this  case,  however,  it  gave  way  along  the  cracks  of  the  1885 
earthquake. 

The  tower  of  the  college  is  cracked  along  the  four  corners  ;  it  is  oriented  N  22° 
E  and  N  68°  W.  The  damage  appears  to  be  somewhat  greater  along  the  north- 
south  diagonal.  The  clock  in  this  tower  has  two  dials ;  one  of  them  is  stopped  at 
5-10,  the  other  at  4-45;  they  may  be  looked  upon  as  equally  unreliable.  Mr. 
Leavinge,  the  Collector  and  Magistrate,  says  that  his  clocks  stopped  at  4-55, 
Calcutta  time.  Of  course,  this  is  only  approximate.  At  the  Telegraph  Office  they 
were   not   able  to  give  any   definite  information. 

The  ground  was  fissured  in  many  directions. 

Murshidabad.— At  Murshidabad  most  of  the  buildings  are   oriented  exactly, 
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njcth-wwth  and  eart<west.  'nie.bnildii^a,  vbose  longer  ads  nuts  north  and  »oath 
are  gcMrally  men  mjwnl  than  those  whooe 
principal  dinxtion  is  east-west. 

In  the  Nasab's  new  palace  notUf^  has 
heen  left  standing  hot  the  outer  walls.  This 
bnilding,  which  is  made  of  bricks,  faces  the 
t,  and  has  an  nppo-  story ;  theic  were  no 
wooden  or  ran  beams:  the  ceilings  tamsingil 
of  shallow  arches. 

Asthesewvehddin  their  place  merd)-  by 

the  rcsstanee  of  the  ooter  vertical  walls  Kith' 

oat  any  buttiesaea  tooppcae  this  exoeptional 

stress,  thev  most  baTc  giTcn  way  ^isly. 

la  another  boilding  of  this  same  palace  a  dock-tow::r,  facing  west,  fell  west  by 

alojeaotoh. 

In  the  sUbles,  which  were  large  and  well  built,  most  of  the  ceilings  have 
cotlapeed.  The  building  was  a  large  qnadrangle,  the  north-east  side  of  which 
consisted  of  a  <k)ahl»«wried  lubitaiioiL  The  oaicr  wall  of  this  habitalioti  tadrg 
N  40*  E  <()t!apsed  entwriy. 

The  Only  bniliEsg  widch  is  cootparatreelT  little  dawaged  is  the  old  palace.  It 
rt  a  very  large  t!:ree^oried  bnildiBg  vith  its  longest  dimeawon  in  an  eul-wcsC 
frcdkn.  It  is  lery  masiic  and  weC  baili,  largdv  <rf  Cktinar  sandstones  The 
damage  is  that  cansed  by  the  rocking  to  and  fro  of  the  waEs.  The  iborta-  walk. 
Iboae  that  ran  nocth  and  sooth,  are  not  damaged,  except  kr  seme  slight  cracks  near 
the  upper  cor*ers.  The  loager  walls  mcning  east  and  wat  are  not  cracked  either, 
hot  hate  been  nxre  cr  te«  dispUced  otf  ct  the  mtf^al :  the  ptirttfes  and  pedhneats 
base  especia:!*  been  c^tacbed  from  the  bi^ld:^,  bet  none  of  them  have  Ulen. 

tr  ite  Durbar  ka^i.  a  lar^  drcnlar  itmra  covered  with  a  docce,  the  masonry  of 
which  bas  remaired  qsite  intact,  thne  are  tecesaei.  bi  wbith  two  large  canddabra 
vTTC  stnaced.  Tt'ey  were  FjicTy  seciL-ed  in  ttctr  place  by  wir^  The  cande- 
rabrrm:  p'.aced  in  t!x  Rorth-aest  recess  fe!!  south-east,  breaUrg  all  three  wires. 
The  occ  :b  tks  sontb^east  recess  itbracni  saScienilT  to  tnak  the  socth-west  wire, 
tta  it  «eEt»:i7  rema:eed  staDdrttg.  fcfoctBitatety  this  hall  is  on  the  first  Boor  ol 
tEC  bci^=g  so  that  L4t>  irCcnnat'oo  is  ^^len  by  ttese  directnfts.    In  some  other 
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ings  with  a  longer  north  to  south  axis  would  show  that  the  shock  followed  an  east 
and  west  direction. 

Azimganj.— Azimganj  is  in  the  same  state  of  ruin  as  the  neighbouring  cities* 
The  tall  and  well  built  houses  have  almost  entirely  collapsed  ;  the  very  few  which 
have  not  fallen  are  much  damaged.  It  is  the  only  place  I  have  visited  where 
temples  of  the  Hindu  style  of  architecture  have  been  damaged.  Those  of  Azimganj 
are  all  Jain  temples.  One  of  them,  a  very  beautiful  building  in  Jaipur  marble, 
is  almost  totally  wrecked  ;   the  others  have  suffered  slight  injuries. 

The  wrecked  temple  consists  of  two  courts  surrounded  by  porticoes  :  it  is 
oriented  east  and  west.  The  inner  or  western  court  is  on  a  raised  platform  connected 
with  the  outer  court  by  a  flight  of  steps.  In  the  centre  was  a  group  of  five  towers  ; 
the  central  one  fell  to  the  east,  causing  the  ruin  of  a  large  portion  of  the  building. 

In  the  three  localties  described  above,  just  as  in  Calcutta,  the  shock  was  not  at 
all  instantaneous,  and  moderately  severe  vibrations  lasted  for  a  minute  or  two 
before  the  buildings  began  to  fall.  This  accounts  for  the  comparatively  small 
number  of  fatalities. 

Nalhati. — At  Nalhati  the  shock  was  not  so  severe;  no  fissures  were  observed  in 
the  ground  in  the  neighbourhood. 

Bardwan. — At  Bardwan  it  was  still  less  intense.  The  damage  done  is  much 
less  than  in  Calcutta.  I  saw  very  few  houses  that  were  even  cracked  to  any  marked 
extent.  At  the  palace,  on  the  western  side  of  a  three  storied  building,  a  small 
portion  of  the  balustrade  from  the  roof  fell  to  the  west.  Much  of  the  balustrade 
is  missing,  but  on  information  I  found  it  was  removed  since  the  shock  as  it  was 
considered  unsafe. 

Summary  of  efifects  on  buildings.— The  structures  which  have  suffered  most  of  all 
are  imperfectly  supported  arches  ;  the  lower  the  curvature,  the  worse  they  have 
fared,  as  in  the  instance  of  the  new  palace  at  Murshidabad.  In  the  clock  tower 
at  Monghyr  a  very  slight  displacement  of  the  western  wall  has  caused  the  com- 
plete wreckage  of  the  small  arches  on  the  north  and  south  faces;  while  those  on 
the  two  other  faces  which  are  supported  by  flying  buttresses  are  intact. 

A  form  of  structure  still  worse  calculated  to  resist  this  form  of  casualty  is  that  of 
the  sentry-tower  at  Bhagalpur,  which,  being  of  a  polygonal  shape,  leaves  the  arches 
particularly  unsupported. 
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Fig.  40.  Elevation  of  buildings  at  Berhatnpjr. 

On  the  other  hand,  rows  of  arches  like  those  in  some  of  the  public  buildings  at 
Berhampur  (Fig.  40)  have  stood  very  well,  whatever  position  they  may  have  oci- 
cupied  with  respect  to  the  direction  of  the  shock,  and  notwithstanding  that  the 
transverse  beams  they  support   have  often  displaced  them  from  the  vertical  to  a 
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above  arches).    Only  one  cate  of  eaith-fissare  was  reported  to  tne;  but  at  the 
time  of  my  visit  it  was  under  water,  and  could  not  therefore  be  seen.* 

Calcutta.— Before  leaving  Calcutta  I  made  a  few  observations  which  may  be 
conveniently  recorded  here. 

At  No.  5,  Bankshall  Street  (an  old  two  storied  house),  a  portion  of  the  parapet 
at  the  north-eastern  corner  of  the  house  was  thrown  down  in  direction  N  20°  S. 

In  the  next  house  (No.  6,  a  very  old  two  storied  house),  the  walls  bear  N  30^  E 
and  E  30'  S.  The  former  walls  (those  bearing  N  30"  E)  were  most  severely  cracked, 
the  cracks  being  nearly  vertical  (except  those  above  arches).  The  walls  at  the 
northern  and  southern  ends  of  the  house  were  slightly  fissured  off.  The  house 
would  appear  to  have  swayed  not  very  far  from  the  direction  of  the  walls  N  30**  B 

-s  30°  w; 

At  No.  2,  Old  Court  House  Street,  one  set  of  walls  bears  NE— SW.  A 
portion  of  the  parapet  from  the  south-western  corner  of  the  house  was  thrown 
in  direction  S  VV. 

Gobardanga. — 2nd  July, — In  the  morning  examined  the  zamindar's  house,  the 
largest  and  most  imposing  building  seenlin'the  course  of  my  tour.  It  has  been  badly 
cracked.  The  cracks,  I  noticed,  however,  were  all  on  arches.  The  most  interesting 
fact  in  connnection  with  this  house  was  the  fall  of  a  roundish  turret-like  structure 
which  surmounted  the  parapet  on  its  southern  side.  Unfortunately  the  debris 
had  been  removed  before  my  visit.  But  from  the  evidence  of  eye-witnesses  I 
ascertained  the  direction  in  which  the  turret  fell  to  have  been  S  25°  W. 

Reached  Jessor  in  the  afternoon.  Saw  the  District  Magistrate,  the  Civil 
Surgeon,  etc.  Their  impression  was  that  the  shock  was  in  a  north-south  direction. 
Ramnagar.^jr^i  ^fi/y.— Visited  Ram nagar,  about  5  miles  from  Jessor.  The 
garden  house  of  the  zamindar  of  that  place  has  been  somewhat  severely  damaged. 
The  cracks  were  all  found  to  be  on  arches.  The  wall  of  the  verandah  bearing 
N  20*  E'S  20°  W  has  been  shifted  northward  about  2  inches.  The  shock  here 
would  appear  to  have  been  very  nearly  in  that  direction. 

Jessor. — At  Jessor  the  damage  to  buildings  was  slight.  The  roof  of  a  room 
in  the  Collector's  Court  has  been  rather  badly  cracked,  the  cracks  being  parallel 
and  running  east- west. 

4th  July. — Left  for  Khulna  in  the  morning.  All  the  way  from  Jessor  to 
Khulna  did  not  see  a  single  brick  built  house,  except  the  railway  stations,  which  are 
new,  small,  and  have  mostly  corrugated  iron  roofing.  They  have  suffered  but  little, 
Khulna. — Reached  Khulna  at  11-30.  Buildings  here,  belonging  mostly  to 
Government,  are  generally  new,  low  and  well  built,  and  have  suffered  but  little 
damage.  The  house  occupied  by  the  District  Magistrate,  the  oldest  in  the  station, 
has  been  damaged  to  some  extent.  The  parapet  on  the  northern  side  has  got 
a  long  crack  running  nearly  E — W.  There  are  other  cracks  on  the  roof  more 
or  less  parallel  to  it. 

Barisal. — 6th  July. —In  the  Jail  some  walls  bearing  N — S  have  been  cracked 
above  arches.  So  far  as  I  saw,  the  walls  in  the  opposite  direction  have  not  had 
any  cracks. 

*  The  fissure,  reported  to  have  been  formed  at  a  village  called  Belijra  Bhekutiya  some 
4  miles  west  of  Jessor.  It  was  said  to  be  about  24  feet  deep,  and  sand  and  water  were 
affirmed  to  have  issued  from  it. 
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In  the  Reserved  Police  Barrack  the  walla  bearing  N  10"  E—S  leP  W  have 
been  cracked  much  more  seriously  than  those  in  the  opposite  direction. 

In  the  Circuit  Houses  I  noticed  nameroos  craclu  on  arches  in  N'~-S  walls;  but 
only  one  arch  on  an  E— W  wall  was  found  to  be  cracked,  and  that  slightly- 

In  the  office  of  the  District  Superintendent  of  E^lice  arches  in  N — S  walls 
have  been  cracked.  But  in  the  adjoining  Colleclor's  Court,  a  ver^-old  two  storied 
building,  the  arches  cracked  are  mostly  in  K — W  walls. 

Noakhali. — Jik  ^u'j'-^Reached  Noakhali  about.  6  p.m.  Heard  the  "  Barisal 
guns  "in  the  evening  distinctly.  They  appeared  to  come  Iron)  south-eastern  direction. 

8th  J^tf- — The  house  at  present  occupied  by  the  Judge  and  the  District 
Superintendent  of  Police  (a  very  old  two  storied  house)  has  got  several  vertical 
cracks  on  N — S  vails  in  the  upper  story.  The  arches  have  been  cracked  in  N— S 
as  >-ell  as  E— W  walls. 

The  Circuit  House  <a  portion  of  which  is  occupied  by  the  District  Magis- 
trate] has  got  a  few  nearly  vertical  cracks  in  N— S  walls.  The  earthquake  here 
travelled  very  nearly  in  N — S  direction. 

The  bouse  occuiHed  by  the  Judge  at  the  time  of  the  earthquake  was  con- 
fletnned  by  the  District  Engineer  three  years  ago.  It  is  a  %«ry  rickety  old  two 
storied  structure.  The  cracks  here  are  nuniCTOus,  and  ai«  indiflerently  in  N — S 
and  E — W  «alK  nearly  always  above  archer  Beyond  a  lew  pieces  of  plaster 
which  have  come  down  inside  one  of  the  rooms  nothing  has  been  overthrown. 

Heard  the  "  Barisal  guns  "  again  this  evening  at  intervals  of  4  to  15  imnDtes. 
They  appeared  to  come  from  a  southern  direction,  in  this  connection,  1  may 
state  that  at  Barisal  itsdf  the  "  guns,"  as  I  was  infonncd  by  tbe  District  Ma^s- 
trate  and  others,  are  not  heard  distinctly  or  so  frcquenily  as  ihey  used  to  b^  so 
I  beard  them  there  only  once,  and  that  too  faintly. 

BmnmL—toSh  and  I  itk  Julf.-^K  t^xVi  in  the  house  of  the  District  Judge, 
which  stood  on  a  bracket  and  had.its  pendulum  swinging  \V  34*  N — E  34°.S,  slopped 
during  the  shock. 

In  the  house  of  Mr.  N.  Gupta  (barrister-at-UwX  a  clock  standii^  on  a  bracket 
and  havh^  its  penduina  swinging  N  15°  E—S  15°  W,  stopped  daring  the  shock. 
Another  dock  in  tbe  same  house  filed  to  a  sail  beani^  N  13^  E — S,i^  W.did  not 
stop,  showing  that  the  call  coald  not  have  moved  very  far  from  that  direction. 
A  dock  in  the  post  ofEce  fixed  to  a  N — S  wall  flid  not  stop,  indicating  that  the 
s-.ock  m3>  have  been  in  that  dlrectton 
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Faridpnr. — 14th  and  isth  y«/y.— The  general  impression  here  is  that  the 
houses  swayed  in  N — S  direction.  The  District  Magistrate  informed  me  that  the 
District  Superintendent  of  Police  had  seen  the  water  in  a  tank  move  up  and  down 
in  that  direction. 

Judge's  Courthouse. — Walls  bear  N  22°  W  and  E  22°  N.  Arches  have  been 
cracked  indiflerently,  but  slightly,  in  both  these  directions, 

Judge's  House. — A  very  old  house.  A  portion  of  the  parapet  on  the  southern 
side  of  the  house  has  come  down  in  a  SSVV  direction. 

The  Judge  informed  me  that  some  bottles  which  were  standing  on  a  rack  fell 
down.  From  his  evidence,  and  that  of  small  fragments  of  the  bottles,  I  made  out 
the  direction  of  fall  to  have  been  N  29°  E. 

The  Zilla  Schoolhouse. — An  arch  bearing  N  20°  W — S  20°  W  has  been  seriously 
cracked  at  two  places. 

Sub'Registry  Office. — Walls  bearing  N  10°  W  have  got  a  large  crack  at  either 
end  of  the  house.     Arches  in  E  10°  N  walls  have  been  slightly  cracked. 

7rti7.— Two  parallel  buildings  (wards  Nos.  ^  and  J)  have  been  rather  badly 
cracked.  The  walls  bear  N  15^  W  and  E  15^  N.  The  cracks  are  worst  on  the 
former  walls. 

The  Postmaster  informed  me  that  the  shock  was  over  at  Faridpur  at  5-10  P.M. 
local  time  (5-4  p.m.  Calcutta  time).     The  clock  is  regulated  every  day. 


Further  details  from  notes  by  Mr.  R.  D.  Oldham,  Superintendent,  Geological 

Survey  of  India. 

To  the  foregoing  I  may  add  the  following  details  from  my  own  observations  : 
Dhubri.— The  wall  of  the  Gauripur  zamindar's  compound  was  overthrown  for 
the  most  part,   but  about  one-third  of  its   length  left  standing.    Height  3' 11/ 
thickness  2!  g''. 

Two  gate  pillars  of  a  house  were  overthrown,  one  to  N  5°  W,   the  other  to 
S  35°  E.     The  original  dimensions  were  about  f  high  x  i'  6"  square. 

Goalpara. — Municipal  boundary  pillars  i'   6"   square,  5'  2"  high,  with  a  trun- 
cated pyramid  on  top  i'  4'  high  and  tapering  to  4"  at  top  ;  total  height  6' 6".    All  of 
these  were  overthrown,  except  the  one  nearest  the  river  bank. 
No.  1        to       N  50°  E 
No.  2       „         N  S;**  W 

No.  5        to  S 

Gauhati,— One  of  the  Gate  pillars  of  the  Loki  Rani's  house  fell  to  N  60°  E  :  the 
other  had  been  removed. 

A  pair  of  gate  pillars  in  the  compound  east  of  the  Telegraph  Club  were  much 
broken  up  and  overthrown.     The  west  pillar  to  S  13°  E,  the  east  to  S  40°  E. 

In  the  cemetery  a  marble  cross  2'  11"  high,  i'  7"  across  arms,   i'  n '  to  bottom 
of  arms,  section  4} "X3''was  broken  across  at  the  socket,  which  was  3i''x  i-J". 

Another  cross  3'  6"  high,  2'  across  arms,  section  5^"  x  3^"  with  an  oval  of 
i'  6''  X  i'  3*  filling  the  cross,  was  broken  at  the  socket,  which  measured  5''  X  2|\ 
The  monument  to  Robert  Beechcr  is  a  stone  pillar  and  vase  standing  on  a 
pedestal.  This  liad  been  projected  and  the  base  of  the  pillar  struck  the  steps  at 
the  foot  of  the  pedestal  in  a  direction  S  15°  E,  the  horizontal  distance  being  2^9", 
vertical  3' 9'. 
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T«*pBr.— A  small  oblong  enclosure,  with  minarets  at  the  comer*,  octagonal 
section,  8*  side,  about  3'  high  was  not  injured.    Brickwork  eridently  poor. 

The  Dik  Bu  ngalow  gate  pillars.  8'  high  X  a'  6"  square,  were  uninjured. 

Dacca.— The  pillars  round  the  racecourse,'  s"  high,  i'  j'  diameter,  drcular 
section,  have  not  been  injured. 

Chhatak.— The  lomb  of  Lt.  H.  T.  Brrd  stands  in  a  separate  enclosure  by 
itself  1  the  gate  pillars  at  the  soath  side  have  been  overthrown,  the  east  pillar  10  N 
the  west  toS.  They  were  attached  to  walls  which  contrtd led  their  fall.  Height 
(f  6*,  base  3'  square, 

Cfaem^Niiiji.— Gate  pillars  on  eastern  road  oriented  N  aj"  W,  4'  high  X  2'  a* 
square.     Northern  fell  to  W  13°  S,  southern  to  N  40°  E. 

Dik  Bungalow  western  entrance,  east  pillar  fell  S  30°  W,  west  pillar  S  as'  E. 
They  were  too  much  broken  up  to  obtain  the  original  orientation. 

A  Khasia  monument  in  the  compound,  a  stone  slab  4'  6*  high  and  about 
t  6*  broad  by  6*  thick,  longer  axis  N  a"  E,  has  been  broken  across  at  groond 
level  and  thrown  to  east. 

The  tallest  pillar  of  the  old  aqueduct  leading  to  Inglis'  bungalow  is  7'  9' 
high  and  2'  square.  It  rises  from' the  bed  of  a  small  nala  or  ra^dne,  and  is  frac- 
tured and  twisted,  but  not  overthrown. 

The  gate  ptUars  of  Hudson's  bungalow  are  9'  high  X  \'  square.  Those  of  east 
gatewaybear  G  13°  N  ;  the  east  pillar  has  fallen  to  S  50°  W,  the  west  pillar  to 
S  55"  W.  The  western  entrance  bears  N  30"  W  ;  the  south  pillar  has  fallen  to 
W  1 1°  S,  bat  the  masonry  is  much  crumbled  at  the  lovcer  part ;  the  northern  pillar 
is  intact. 

A  small  bungalow  near  by  had  a  number  of  round  pillars  in  front,  evidently 
old  verandah  pillars.    These  fell  to  N  33'  E,  N  55"  E,  S  a?"  E,  N  75"  E. 

About  two  miles  from  Cherrapunji  the  road  to  Shillong  crosses  a  saddle,  and 
here  an  old  Khasta  monument  in  the  form  of  an  octagon  of  solid  rubble  masonry 
about  g'  side  has  been  overthrown  and  hurled  to  E  5*  S-  The  debris  extends  for 
nearly  50  feet   ;  the  original  height  could  not  be  ascertained. 

SbiUoog.— In  the  cemetery  a  headstone  over  the  grave  of  Major  Stewart  was 
fractured.  The  headstone  is  of  the  usual  type  with  vertical  sides  rounded  off  in  a 
semicircle  at  the  top.  The  dimensions  are  a'  i\'  high,  2'  Y  broad  at  the  base  and 
5"  thick.  It  is  broken  across  near  the  bottom,  the  fracture  running  irregularly  from 
4I"  above  ground  at  one  side  to  )*  above  ground  at  the  other.    The  head  stone  is 
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Appendix  B. 

Details  of  fissures^  sand^vents  and  allied  phenomena. 
Contains  extracts  from  official  reports  and  replies  to  letters  of 
enquiry.     The  extr^^cts  given  in  Chapter  II,    pp.  14,  15—33,  25—27, 
should  be  read  in  connection  with  these. 


i' 


LeiUr  No,  ggSG.,  dated  Rangpur,  the  13th  September  1897,  from  J.  D.  Cargill, 
Esgr.f  Offg.  Collector  of  Rangpur,  to  the  Commissioner  of  the  Rajshahi 
Division, 

In  reply  to  your  circular  memorandum  No.  706  Mel.,  dated  the  23rd  ultimOp 
calling  for  a  report  on  the  earthquake  of  12th  June  last,  giving  information  as 
to  the  extent  to  which  fissures  in  the  earth,  outpourings  of  sands,  etc.,  have  been 
observed,  I  have  the  honour  to  report  as  follows  :— 

3.  The    soil    of   the    District  of   Rangpur   is   physically  divided    into  two 
distinct  divisions,  locally  called  khiar  and  pali,    Khiar  is  hard  red  clay,  and  com- 
prises about  10  percent  of  the  area  of  the  district.   Paliis  alluvial  deposit^  con- 
sisting mostly  of  fine  sand  and  containing  vegetable  mould.  In  the  khiar  section^ 
which  extends  over  the  south-western  part  of  the  district  and  comprises  parts  of 
the  jurisdictions  of  thanas  Govindg^nj,    Pirganj,  Mtthapukhar  and  Badarganj, 
there  have  been  little  or  no  fissures  or  outpourings  of  sand  and  water^  and  no 
contraction  or  filling  up  of  river  channels,  tanks  and  wells.  It  is  in  the  pali  tract, 
which  comprises  an  area  of  about  3,000  square  milest  that  opening^in  the  earth, 
outpourings  of  sand   and  water    obstruction   and  filling  up  of  river  channels, 
and   filling  up'  and  breaking    of  pucka  wells  have  taken  place.     The  openings 
are  of  two  kinds,  viz,  (i)  longitudinal  fissures  or  cracks  in  the  ground,  extending 
in    many  cases  several  hundreds  of   yards   in   length  each,  and  gaping  from 
a  few  inches  to  4  or  5  feet  or  more  in  width,  and  (2)  circular  holes,  generally  4  to  5 
feet  in  diameter,   that   burst   open,  throwing   the   surface   earth   several  yards 
away.   Both  kinds  vomited  sand  and    water.    Openings  of  the  latter  descrip- 
tion  are  more  abundant  in  the  Kurigram  and  Gaibanda  subdivisions  than  else* 
where.    The  direction  of  the  longitudinal    fissures  was  usually   south  and  west 
along  the  sides  of  tanks  or  rivers.    In    Saidpur  and  some  neighbouring  villages, 
forming  the  south-west  corner  of  the    Nilphamari  subdivision,    and  in  some 
scattered  villages,  such  as  Domer  Bazar,  Pochapukhar,etc.,  there  were  no  fissures 
or  outpourings  of  sand  or  water.     In  some  places  in  Nilphamari  subdivision  it 
has  happened  that  while  one  village  was  visited  with  these  fissures  and  natural 
fountains  of  sand  and  water,  an  adjoining  village  escaped   them.    In  Kurigram 
subdivision  there  is  said  to  be  not  an  acre  of  land   without  its  fissures  and  out- 
pourings of  sand,  more  or  less,  of  the  description  stated  above. 
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3.  The  fissures  ranning  parallel  to  rivers  and  tanks,  along  their  aide*,  have 
\  more  rarely  been  accompanied  by  outpourings  of  sand  and  water.    They   appear 

/to  be  due  to  the  weakness  of  the  unsupported  banks.    Owing  to  them  and  other 
causes,  nearly  all  river  channels  in  the  pa li  tract  have  narrowed,  some  to  the 
extenlof  10  lo  ao  per  cent,  of    (heir   width.     In  many   instances  this   narrowing 
1        process  has  crumpled  up  the  bridge*,  or  otherwise  seriously  damaged   thein.^;/ 
Tj  /         Moreover,the  rivers.lanksand  wells  in  the  pali  tract   more  or  less  have   been    L-i 

(     ^  fiUed.wiih  sand.     Both  large  and  small   rivers  suffered  thus,  and  most  of  the     A. 

f    small  drains  have  been  entirely  silted  up.    Small  streams,  100  to  150  feet  in  width      / 
I     have  been  filled  up  50  to  75  per  centTa  their  depth.     In  Urge  rivers  the  filling  up 
of  channels  or  at  least  the  main  channel  is  not  more  than  15  to  30  per  cenL  of  the 
depth.  |The  branch  channels,  however,   in    some    cases  have   been    considerably 
filled  up.     The  principal  drainage  channels  of  the  district  that  have  suffered  most 
injury  are  the  two  channels  at  Rangpur,  the  river  Ghagat,  into  which  they  fall  and 
on  the  banks  of  which  the  Civil  Station  of  Gaibanda  sUnds,  the  Bun  Tista  nadl 
passing  by  the  important  (own  of  Ulipur,  the  Bamni  nadi   between  Ulipur  and 
Kurigram,  the  Jerai  nadi,  the  Kotakhali,   the  Manash,    the  Hathalia,  the    Hatta, 
the  Maroghagat,  west  of  Gaibanda,   the   Naleya  nadi,  the   Tista  and  the   Mara 
Akiraj    Several  places  inthese  rivers  which   were  not   fordable   before   the  earth- 
quake, but  could    be  crossed  only  by  ferry,  became  fordable  through  the  earth* 
quake.    The  bed  of  the  Ghagat  referred  to  above,  which  passes  through  the 
.   heart  of  the  G  ^b  a  nda^  sub  divisional  headquarters,  rose  about  10  to  15  fpet  from 
Naldanga  in  the  north  to  Badiakhali  in  the  south,  a  distance  of  nearly  2a  miles  ; 
the  consequence  of  this  has  been  that  while  th»   ri^ier    is    tordable.the   ordinary 
/drainage  has  passed  over  the   country,  and  a  number  of  the  villages  on  either 
'  bank  hafebeenunder  water  since  the  earthquake. 

4.  Of  the  3,000  square  mites  of  pali  land  in  the  district,  the  tracts  that  have 
suffered  most  are  about  Rangpur  and  in  eastern  and  south-eastern  parts  of  the 
district,  where  about  30  per  cent,  of  the  area  is  said  to  be  covered  with  sind.  In 
toe  north-westernand  western  tracts  there  have  been  fissures  and  outpourings 
of  sand  and  water  nearly  everywhere,  but  not  on  such  an  extensive  scale  as  in 
the  eastern  and  south-eastern  parts.  The  outpourings  of  sand  have  been  greatest 
in  the  jurisdictions  of  thanas  Sunderganj,  eastern  part  of  Gaibanda,  parts  of 
thanas  Ulipur,  Nageswari,  Mahiganj  and  Katwali  (Sadar). 
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length.  The  fittures  in  most  instanoei  ran  parallel  with  the  bed  of  the  river,  aa 
if  the  whole  bed  of  the  river  had  annk,  but  occasionally  transverse  fissures  aeem 
to  have  occurred.  Outpourings  of  sand  and  water  also  occurred  fairly  generaUy» 
but  in  no  g^eat  amount  These  outpourings  also  occurred  in  the  beds  of  rivera 
or  in  low-lying  land.  I  myself  observed  mud  and  water  bubbling  up  near  the 
bed  of  the  Pumabhaba  river  immediatdy  after  the  earthquake.  In  this 
instance,  it  appeared  to  me  that  there  must  have  been,  prior  to  the  earthquakoi 
some  water  under  the  loose  stratum  of  upper  soil.  The  earthquake  had  the  eflfecl 
of  making  this  stratum  of  loose  soil  subside  into  the  hollow  occupied  by  the  water. 
The  water  was,  consequently,  forced  up  to  the  surface  through  the  loose  stratdm  of 
soil.  The  subsidence  of  the  soil  was  indicated  by  the  fissures  in  the  ground 
near  where  the  outpourings  occurred.  The  police  have  suppHed  me  with  a  list  of 
places  where  the  fissures  occurred,  but  I  place  no  great  reliance  on  their  accuracy 
or  completeness.  The  list,  moreover,  conveys  little  or  no  information  to  any  one 
unacquainted  with  the  localities  named.  I  have,  therefore,  refrained  from  sending  it 

• 

Lettef  No.  $$4  G.,  dated  Bogra,  the  22nd  July  1 89 f,  from  Umts  Chundra  Bainr 
vyal,  hsq,,  Collector  of  Bogra,  to  the  Commissioner  of  the  Rajshahi 
Ihvision. 

3.  In  the  KhiaroT  clayey  portion  of  the  district,  no  physical  changes  on  the 
surface  of  the  ground  due  to  the  earthquake  are  apparent  but  in  the 
alluvial  tracts  the  ground  is  cracked  and  riven  in  all  directions.  Long  and 
large  fissures  have  appeared  in  many  places,  and  sand  and  water  oozed  out  of 
them.  The  ground  has  been  upheaved  in  some  places,  while  it  has  sunk  in  others. 
Beds  of  rivers  and  tanks  have  been  visibly  devated  in  some  places,  while  pools 
have  been  formed  on  even  ground  in  others.  In  the  alluvial  tracts  the  water  of 
wells  thrown  out  and  the  wells  themselves  in  many  cases  were  choked  up  with 
sand.  Some  reporters  state  that  the  smell  of  sulphur  was  felt  coming  out  of  the 
fissures  in  the  ground  at  the  time  of  these  seismic  disturbances. 

Letter  No.  iff  ^.,  dated  Bogra,  the  13th  September  i8gf,  from  Umes  Chundra 
Batavyalp  Esq.,  Collector  of  Bogrot  to  the  Commissioner  of  the  Rajshahi 
Division, 

2.  No  river  channels  in  this  district  have  been  completely  filled  up,  but  the 
beds  of  some  of  them  have  been  perceptibly  raised  here  and  there.*  A  notable 
instance  of  this  took  p^ace  in  thel)ed  of  t\\eKSFaXoysL'n\ef,n  of 

Sultanganj,  three  miles  south  of  Bogra.  Here  there  was  a  deep  pool  in  the 
bed  of  the  river,  known  as  the  Ramdaha,  where  in  the  driest  season,  the  depth 
of  water  (the  villagers  say)  used  to  be  about  15  feet.  After  the  earthquake  every- 
body was  surprised  to  find  the  river  bed  at  the  place  to  be  almost  dry.  The 
current  of  the  river  ceased  to  flow,  and  the  villagers  flocked  to  catch  fish  in  the 
mud.  After  a  few  days  the  river  cut  a  small  channel  for  itself  over  the  plac^ 
and  there  was  no  longer  any  obstruction  to  the  current  In  many  other  places 
the  people  have  remarked  that  the  usual  depth  of  water  in  the  Karatoya  river 
has  decreased  after  the  earthquake. 
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3.  In  the  conne  of  ny  recent  tours  in  thana  Sariakandi,  1  wa*  informed  Inr 
Mveril  intelligent  obscrveH  that  the  flood  water  in  this  season  ui^  tQ  aubcserge 
the  fields  of  village  Ram  Chandrapur  before  those  of  villsge  Mathurapara. 
This  year,  however,  the  cue  is  reversed,  ajid  the  people  think  that  there  has  been 
a  relative  upheaval  or  subsidence  of  the  ground  in  one  of  the  two  villages. 

4.  Fissures  in  the  earth  and  the  outpouring*  of  sand  and  water  are  confined 
to  the  soft  pali  smI  between  the  Karatoya  and  the  Daakoba  rivers.  They  are 
absent  in  the  hard  kkitr  soil  to  the  west  of  the  former  river.  These  fissure 
were  very  numerous.  The  openings  in  the  ground,  however,  seldom  exceed  two 
feet  in  breadth,  but  thor  length  varied  very  much  in  some  cases,  the  same  fismifs 
being  obterved  over  a  mile  or  more.  Their  general  direction  was  from  north  to 
south.  The  width  of  the  fissures  increased  in  those  places  (very  numerous  also) 
whence  sand  and  water  were  ejected.  These  outpourings  of  sand  and  water  are  ip 
local  language  called  i/i0rjld.  From  my  own  house  I  noticed  sand  and  water 
ooiing  out  of  the  ground  on  the  opposite  bank  of  the  Karatoya,  and  a  stream  of 
water  was  flowing  down  the  sloping  bank  into  the  river.  I,  however,  did  not 
witness  the  iAnrisJ  (seen  and  described  by  many  other  people)  in  which  tlie 
water  ejected  rote  several  feet  above  the  ground.  Most  remarkable  is  the  story 
told  by  one  Rahamsn  Ali,  Mondal  of  Bonepara,  and  I  give  the  substance  of  it  in 
his  own  words — **  My  house  is  on  the  bank  of  the  Deakoba  river.  I  was  out  to 
see  fields  when  the  shock  came.  I  could  not  stand  erect,  and  I  had  to  sit  down. 
The  stream  of  the  river  was  much  agitated  as  if  there  was  a  strong  gale.  Bdt 
in  a  gale  the  waves  move  in  one  direction,  on  this  occasion  they  moved  in  all 
directions.  The  water  seemed  to  swell,  and  for  a  time  the  surface  was  covered  aH 
over  with  foam,  so  that  I  saw  only  foam  and  no  water  I  then  observed  a  large 
■pout  of  water  issue  out  of  the  river  to  the  north-east.  The  column  rose,  I  think, 
50  halhi^  over  the  surface,  I  see  the  mast  of  the  Magistrate's  boat  (Note — It  is  a4 
cubits  in  height).  That  column  of  water  was  much  higher  than  this,  and  in  cir- 
cumference it  was  not  less  than  70  or  80  haihs.  This  I  saw  as  the  sound  resembling 
cannonade  was  heard.  1  ran  towards  my  tionse  in  great  terror  from  the  ekar?  As 
1  looked  back,  the  column  of  water  seemed  to  diminish.  I  did  not  look  at  it 
again.  A  fissure  has  appeared  on  the  west  of  my  house,  which  I  think  is  three 
miles  long  aitd  about  two  haths  in  breadth.  Sand,  charcoal,  rotten  vegetable 
matter  issued  in  large  quantities  out  of  the  fissures." 

5.  [t  is  very  likely  that  the  wiine^^  exaggerated  the  l]eight    of  the  column  of 
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xm  the  other  side  of  the  Karatoya  it  is  scarcely  possible  to  go  over  a  mile  of 
Ifround  without  meeting  several  such  places.  Sm?!!  craters  were  formed  out  of 
which  sand  and  water  issued  with  a  peculiar  sound,  which  the  people  described 
as  "  hun  hun." 

Letter  No,  QooJ,^  dated  Pabns,  the  20th  September  i8g7,  from  C.   A.  Radice, 

Esg.f  Offg*   Magistrate    of  Pabna,  to  the   Commissioner  of  the   Rajshahi 
Division. 

With  reference  to  your  memorandum  No.  706  Mel.,  dated  23rd  August  1897^ 
forwarding  for  compliance  the  Under-Secretary  to  Government  in  the  Judicial 
Department,  Circular  No.  4621  J.,  dated  14th  August  1897,  I  have  the  honour  to 
report  that,  in  the  Sadar  Sub-division  of  this  District,  the  earthquake  of  the  12th 
June  only  caused  the  beds  of*a  few  of  the  dry  river-beds,  close  to  the  big  rivers^ 
to  sink  for  a  few  inches.  Cracks  were  consequently  formed  along  the  banks  and 
parallel  to  the  bed.  In  the  beds  themselves,  sand  was,  in  places,  projected  to  a 
small  extent.  These  disturbances,  showing  as  they  do,  subsidence  of  surfaces^ 
below  which  the  soil  is  merely  lightly  deposited  sand,  are  all  very  slight. 

2.  In  the  Sirajganj  Sub-division,  the  seismic  effects  have  been  far  more 
marked.  I  annex  copy  of  the  Sub-divisional  Officer's  letter.  This  officer  has  failed 
to  be  sufficiently  precipe,  but  in  order  to  avoid  further  delay  in  the  submission  of 
this  report,  I  forward  it  in  its  incomplete  state,  with  the  suggestion  that  the 
Officiating  Director  of  Ihe  Geological  Survey  of  India  be  asked  to  refer  direct  to 
that  officer,  if  he  desire  to  have  further  particulars.  This  procedure  will  save 
time  and  labour  and  is,  moreover,  to  be  recommended,  as  the  Subdivistonal 
Officer  of  Sirajganj  is  a  well  informed  officer,  well  acquainted  with  his  sub* 
division. 

Letter  No,  JSoJ,,  dated  MrafganJ,  the  ly^h  September  iSgftfrom  T.  Emerson, 
Esq.,  Sub-divisional  Officer  0/  Sirajganj,  to  the  Magistrate  of  Pabna. 

In  reference  to  your  memorandum  No.  791  J.,  of  1st  September  1897,  I 
have  the  honour  to  send  the  following  notes  of  what  I  have  seen  myself  of  the 
effects  of  which  information  is  required  by  the  Director  of  the  Geological  Survey. 
The  delay  was  occasioned  by  the  non-compliance  of  the  Kanungo  and  Sub- 
Overseer,  Local  Board,  to  report  what  they  had  seen. 

1.  Fissures  in  the  town  of  Sirajganj  were  generally  parallel  to  the  nearest 
water  channel.  In  the  Kutcherry  maidan  there  were  several  fissures,  from  12  to 
18  inches  wide.  The  ground  invariably  subsided  on  the  side  of  the  fissure 
nearest  the  Katakhal  channel.  The  subsidence  was  from  i  to  2  feet.  The 
greatest  fissure  about  2  J  to  3  feet  wide  and  in  the  form  of  an  arc  of  a  circle  was 
in  Messrs.  Hannah  and  Co's.  compound.  The  toads  were  fissured  in  several 
places,  always  at  right  angles  to  their  direction.  The  road  from  Sirajganj  to 
Pabna  was  fissured  in  this  way,  and  sank  in  many  places.  The  road  front 
Sirajganj  to  Badraghat  was  split  at  various  places  and  also  subsided.  The 
chief  fissures  in  this  road  were  near  the  jute  mill  at  the  entrance  to  the  town  and 
at  Sealkole  village. 

At  Alukdia  and  Narnia  were  fissures  from  1  to  2  feet  wide  parallel  to  the  riven 
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On  the  Koijuri  road,  just  beyond  the  terry  on  the  opponle  side  of  th«  river 
froiD  Koijnri,  there  «as  a  lerie*  oi  wid«  fiwurM  parallel  to  the  river  lor  aboot 
300  yards.  This  is  one  of  the  wont  series  o(  fissures.  The  Belkodii  road  n 
finured  about  two  miles  from  Sirajganj ;  holes  in  puts  a  feel  wide,  farther 
south  no  injury. 

Along  the  bank  of  the  river  near  Naiha  and  Poraghotle  (the  south  bank  of 
the  river)  the  eanh  was  fissured  for  about  t«o  miles  very  badly,  in  a  series  of 
parallel  6ssures  extending  to  from  3  or  4  yards  to  40  to  50  from  the  bank 
of  the  river,  the  fissures  varying  ttom  I  to  2  feet  width. 

At  Chanbaria,  there  were  also  fissuTes  similar  to  those  at  Alukdia,  paralM 
to  the  river. 

a.  Outpouring  af  land. — This  has  been  greatest  at  Sirajganj.  Sand  was 
emitted  in  great  quantities  in  the  K-itchcrry  maidan,^y  the  side  of  the  Pabna  road 
beyond  Messrs.  David  and  Go's  house,  in  Messrs.  Hannah  and  Go's,  com  pound  i 
also  at  Seaikole  and  Bhadraghat.  1  have  not  noticed  it  in  other  places,  but  have 
been  inlormed  that  there  were  great  emissons  of  sand  forming  temporary 
welli  near  Kamarkhonda. 

3.  Filling  up  of  channels, — 

(a)  The  Katakhal,  just  by  the  Baraknti,  was  connder^ly  disturbed  by  the 
earthquake,  and  sand  poured  into  it  from  beneath. 

ib)  The  Dhanbandi,  the  river  vhich  flows  through  the  town,  was  being  excavat- 
ed at  the  time  by  the  Steamer  Company.  Opposite  Messrs.  Hannah  and  Co.'s 
Chat  two  chars  of  emitted  sand  formed  in  the  river. 

(c)  The  Telkupi  khal,  which  runs  due  west  from  Sirajganj,  was  half  filled  with 
sand  for  about  four  miles.  In  an  ordinary  year  It  would  not  have  been  navigable 
after  snch  a  filling  up,  but  this  year  we  have  luckily  had  a  record  flix>d. 

Letter  No.  34gJ.—G.,  dattd  CaleuHa,  th»  igth  October  1897,  from  G.  Sttvtn- 
son,  Esq.,  Offg.  Commissioner  of  tht  Burdaan  Division,  to  tk*  Chief 
Steretary  to  the  Government  of  Bengal. 

4.  In  the  Raniganj  and  Suddo-  Sub^d-visions  of  the  District,  no  phenomena 
of  the  kind,  referred  to  in  the  extract  from  the  Director  of  the  Geological  Survey 
of  India's  letter  No.  693,  dated  a6th  July  1897,  are  reported  to  have  occurred. 

6.  In  the  Katwa  Subdivision  some  fissures  are  said   to  have  been  caused    i 
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9.  In  thana  Sakalipur  water  oozed  from  a  fissure  15  feet  long  in  a  field  near  the 
village  of  Tagbora.  In  the  jurisdiction  of  the  Lobpur  Police  Station  there  were 
three  cracks  observed.  One  was  at  Balshanda,  about  720  feet  in  length,  and  3  to 
9  inches  in  width  at  a  distance  of  about  840  feet  from  the  river  Majurakha  ;  the 
second  was  at  Til  para  about  840  feet  in  length  and  3  to  3  inches  in  width,  at  a 
distance  of  about  360  feet  from  the  said  river,  and  the  3rd  at  Gopalpur  about 
75  feet  in  length  and  6  to  12  inches  in  width,  at  a  distance  of  about  15  feet  from 
the  river  Bakreswar.  A  small  quantity  of  sand  and  water  issued  from  these  three 
cracks  for  a  short  time.  In  the  Moweswar  thana  one  fissure  occurred  about  24 
or  30  feet  in  length,  south  of  the  Kana  river,  in  village  Hatina,  from  which  water 
was  seen  to  issue. 

II.  Four  fissures  in  the  earth  are  reported  from  the  Subdivision  of  Vishnupur. 
One  was  in  the  sandy  bed  of  the  Damudar  at  Rangamati,  11  miles  north  of  the 
town  of  Sonamukhi ;  a  second  was  in  a  ploughed  field  at  Dhousimla,  5  miles  east 
of  the  said  town,  and  a  third  was  at  Chowlia,  6  miles  west  of  the  said  town  on  the 
banks  of  the  river  Sali ;  while  the  fourth  was  in  the  bed  of  the  Darkeswar  river 
about  6,  miles  north-east  of  the  town  of  Vishnupur  and  15  miles  south  of  Sona- 
mukhi. All  the  fissures  threw  up  jets  of  sand  and  water  with  considerable  force, 
but  it  is  diflRcult  to  give  their  exact  size  now.  The  jets  were  some  10  to  15  feet 
in  height,  it  is  said. 

15.  There  were  several  fissures  in  the  earth  in  the  villages  of  Bhagabanpur, 
Bharatpur,  and  Nandeswar,  all  within  the  jurisdiction  of  the  Debra  Police  Station 
in  the  Sadar  Sub-division  of  Midnapur.  Sand,  water  and  mud  were  emitted 
from  these  openings,  but  in  no  case  was  any  damage  done  to  the  river  channels  or 
tanks.  The  average  length,  breadth  and  depth  of  the  fissures  were  45  feet,  9 
incres  and   18  feet,  respectively.     Most  of  thenn  have  disappeared  owing  to  the 

rains. 

•  •••»•  <^ 

26.  There  were  no  fissure  or  landslips  in  the  Hooghly  District  on  the  occasion 
of  this  earthquake, 

33.  There  were  no  fissures  or  landslips  in  the  District  of  Howrah. 

Letter  bio.  2073J.,  dated  Bhagalpur,  the  12th  September  tSgy,  from  H,  J* 
Mclntoshy  Esq ,  Magistrate  of  Bhagalpurt  to  the  Commissioner  of  the 
Bhagalptir  Division. 

With  reference  to  your  endorsement  No  103-P.  W.,  dated  the  25th  August 
1897,  forwarding  a  copy  of  Government  of  Bengal's  No.  4620- J.,  dated  the  14th 
idem,  regarding  the  earthquake  of  the  12th  June  last,  I  have  the  honour,  in  con- 
tinuation of  this  office  letter  No.  1406-J,  dated  the  6th  July  1897,  to  state  as 
follows. 

2.  The  Subdivisional  Officers  of  Banka  and  Madhipura  report  that  no 
fissure  was  opened  in  the  earth  in  their  subdivisions  by  the  earthquake,  nor  have 
any  outpourings  of  sand  or  water  or  filling  up  of  river  channels  or  landslips  been 
observed  anywhere. 
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3-  In  tht  Snpatil  lubdiviuon  it  is  reported  that  "aveir  vnanpiMe  erf  Und 
911 0ia  bank  oi  the  river  Kosi  on  the  east  oi  the  villagvGuria,  was  cncked,  and 
only  water  issued  out  of  it  for  one  day."  It  is  said  that  no  damage  was  don« 
to  any  land. 

4,  In  regard  to  the  Sadar  subdivision,  I  beg  to  submit  a  ttatement  showing 
the  names  of  villages  and  the  extent  to  which  fissures  in  the  earth,  outpouriiigs  of 
■and  and  water,  etc.,  were  observed.  > 


SlaUMtni  ahaming  the  information  ealltd  for  in  eonntetion 
of  tk»  ittk  Junt  tSgr-vd*  Commiinoner't  No.  1036 

with  tarthquaJu 
P.  W.  D. 

Name  of  Tilb^e  >nd  police  Math». 

Eatentto  which  finurei  to 
the  earth. 

Outponringe  ot  saiid 

■ 

Gopdpnr,    PolWe^tion    Coleonc,    on 
Iba  bank  of  River  Kalbulia. 

U'>Kth4  or  sraoii,  breadth 

m. 

VllU«:ciAlan«  and    Ranilpnr,  outpMt 

At  plBcei ;  extent  not  giireBi 
will  follow    on   r«npt    ol 

report. 

na. 

p^^ti.  policfstoSiB  Colgong. 

Ditto 

ditto 

and  water. 

ViUtge     Burgowri       ie     police^tioa 
Sullaneanj,  bank  of  a  pood  in  a  p>vA 
at  the  Tillage  opened. 

Ditto 

*tt« 

Nit. 

3  or  4  bighas. 

Nit. 

Lttttr   No.  14440.,  dafeJ  Purnea,  the   irlk    September    1897,  from  J.  H. 
Btrttard,  Big.,  ColUelar  of  Purnea,  to  the  Commissioner  of  the  Bhagalpur 


APPENDIX  B  327 

Leiter  A'o.   761  G.y  dated  Afalda,  the  27th  September  iSg^y  /ram  J.  H,  L%a^ 
Esq.y  Magistrate  ofMaldUf  tn  the  ComtHissioner  of  the  Bhagalptir  Division, 

With  reference  to  your  letter  No.  103-P.  W.,  dated  25th  August  1897,  for- 
warding ccpy  of  Judicial  Circular  No.  4620-J.  of  the  Government  of  Bengal,  iti 
connection  with  the  earthquake  of  12th  June,  1  have  the  honour  to  report  that  the 
District  Superintendent  of  Police  and  myself  have  made  personal  enquiries  as  to 
cracks  and  fissures,  etc.,  in  the  ground,  the  result  of  the  earthquake,  and  that  I 
find  that  cracks  opened  out  all  over  the  low-lying  or  diara  lands  of  the  district, 
varying  from  a  few  feet  to  half  a  mile  in  length.  The  long  cracks  were  generally 
very  narrow,  from  1  to  4  inches,  while  some  short  cracks  were  several  feet  wide 
and  5  or  6  feet  deep.  From  these  wide  crackS'  in  many  places  sand  and  water 
spouted  out,  and  from  one  fissure  close  to  Gomastapur  Thana  on  a  char  near  the 
River  Mahananda,  the  Sub-Inspector  of  that  thana  states  that  he  saw  w^ter  and 
sand  and  sulphur  spouting  out  for  20  minutes  after  the  earthquake  was  over. 

a.  I  could  not  find  that  these  cracks  extended  as  a  general  rule  in  any 
particular  direction,  but  where  they  occurred  on  char  lands,  close  to  the  Ganges, 
Mahananda  or  Kalindri  rivers,  where  they  mostly  did  occur,  they  ran  generally 
parallel  to  the  river.  In  a  few  places  also  highlands  in  the  vicinity  of  the  rivers 
sank  a  small  distance.  No  fissures  or  other  surface  disturbances  were  observed 
in  the  highland  tracts  of  the  Rarind. 

Letter  No.  3266  /?.,  dated  Dumka,  the  28th  October  iSgj,  from  R,  Carstairs^ 
Esq.y  Deputy  Commissioner^  Sonthal  Parganas,  to  the  Commissioner  of  the 
Bhagalpwr  Division, 

2.  In  a  village  called  Satar  in  Taluk'  Rohini,  Subdivision  Deogliur,  there  was 
a  fissure  of  about  18  cubits  in  length  and  4  to  6  inches  in  width  from  east  to  west, 
from  which  gushed  a  small  quantity  of  sand  and  hot  water.  The^e  is  a  small 
stream  passing  by  the  place  where  the  fissure  took  place,  but  no  change  in  it  has 
been  observed. 

3-  In  village  Karharia,  in  the  Godda  Subdivision,  there  ajppears  a  fissure 
in  the  earth.  It  was  on  both  sides  of  a  river  and  at  right  angle  to  it.  Sand  and 
water  outpoured  from  it.  Before  the  earthquake  there  was  no  water  in  the  bed  of 
the  river,  but  after  the  fissure  had  formed  it  was  observed  that  water  was  trickling 
down  from  the  bank  of  the  river.  It  was  also  seen  that  the  water  was  oozing  out 
from  the  ground.  The  fissure  was  120  yards  long  and  4  to  5  inches  wide.  With 
a  stick  of  3  cubits  its  bottom  could  not  be  found.  There  were  also  little  cracks 
about  the  place. 

4.  In  no  other  subdivision  was  any  appearance  of  fissure  reported. 

5.  There  were  no  landslips  in  the  hills. 

Letter  No.  5470,^  dated  Bankipore,  the  20th  Sef^tember  iSgj,  from  J,  A^ 
Bourdillon,  Esq,,  Officiating  Commissioner  of  the  Patna  Division^  to  the 
Chief  Secretary  to  the  Government  of  Bengal. 

4.  In  Bihar  the  public  buildings  developed  cracks.  The  clock  tower  in  the 
Bayley  serai  was  seriously  damaged,   and   was   subspqfientTy  condf»mned   by  the 
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Di&tiict  BngirKcr.  There  wu  a  finure  in  the  cntcheny  compound  50  feet  long 
by  t  foot,  which  is  said  to  have  absorbed  the  heavy  rain  which  followed  the  earth- 
quah«,  and  had  to  be  filled  up.  The  hot  springs  at  Rajgir  are  reported  to  have 
discharged  discoloured  water  for  three  days. 

■  ■••••  ■ 

1 1.  Except  in  the  district  of  Patna,  as  described  above,  no  such  phenomena 
asfiisures  in  the  earth,  outpouring  of  sand  and  water  and  filling  up  of  river 
channels  were  observed  in  any  of  the  districts,  nor  haa  there  been  any  landslip  in 
the  hills. 

Ltlttr  So.  loiC'ltis.,  dated  Calcutta,  ike  2»nd  October  1897,  from  B.  V.  Wett- 
macott,  Esq.,  CommissioHir  of  t/u  Presidency  Division,  to  the  Chief  Secretary 
to  the  Government  of  Bengal. 

With  reference  to  your  letter  No.  4630J.,  dated  the  t4th  August  1897,  and  in 
continuation  of  my  No.  95G.-Mis.,  dated  the  nth  September  following,  on  the 
subject  of  earthquake  of  the  tith  June  1897.  1  have  the  honour  to  report  that  no 
fissure  in  the  earth,  or  outpouring  of  sand  or  water,  or  filling  up  of  river  channels 
were  observed  in  the  24-Parganas  or  Khulna. 
ifeherpur  Subdivi- 


Sadar  Subdiv, 


dose  t«  Mor^ieha,  J^  ^' 


3.  In  Nadia  fissures  or  cracks 
were  observed  in  the  places 
noted  in  the  margin,  and  sand 
or  water  spouted  forth  from 
them.  No  upheaval  of  river 
beds  is  reported  to  have  occur- 
red in  any  place  in  Nadia,  Jessore  or  Murshidabad. 

3.  Two  small  holes,  four  feet  in  diameter  and  four  feet  deep,  were  observed  in 
village  Dudsur,  thana  Sailkupa  in  the  Jhenidah  subdivision  of  the  district  of 
Jessore.  In  the  Magura  subdivision  cracks  were  observed  on  the  banhs  of  the 
River  Madhumati,  near  a  place  called  char  Bonni.  Sinking  of  land  is  also 
reported  from  the  following  villages  :— 


Nama  of  villages. 

Satai 


Depre. 
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and  ffDin  two  feet  to  half  an  inch  wide.  In  the  Kandi  subdivision,  about  25 
Assures  discharging  black  clay,  sand  and  water  to  be  observed  near  Chandipur 
in  thana  Gokuma.  These,  fissures  are  said  to  have  been  from  200  to  600  feet 
long  and  from  three  feet  to  half  an  inch  wide.  In  the  Jangipur  subdivision 
fissures  were  seen  in  the  bed  of  the  river  Bhagirathi  discharging  black  sand. 
There  were  also  cracks  in  a  field  near  Rajanagar  which  discharged  black  sand. 

Letter  No,  312J,  dated  Dacca,  the  isth  November  1897,  from  the  Magistrate 

of  Dacca,  to  the  Commissioner  of  Dacca  Division. 

In  continuation  of  my  No.  2140,  dated  20th  July  1897,  and  with  reference 
to  your  No.  1300,  dated  26th  August  1897,  I  have  the  honour  to  forward  a  state- 
ment showing  thana  by  thana  the  information  asked  for  by  Mr.  Oldham. 

2.  I  beg  to  apologise  for  the  delay  which   has   occurred  in   submitting   this 
report,  which  was  due  to  the  papers  being  mislaid  by  my  office. 

Fissures  in  tbb  Earth. 

Sab HAR.*— Public  road  about  16  haths   long,    near  village  Kalinagar  has 

subsided. 
Kap ASIA.— Several    dhan  and  jute  khets    in  village  Nandia  have  sub* 

sided. 
Nawaboanj. — Land  from  a  place  of  the  field  in  village  Baldi  to  the  khal 

about  li  feet  broad,  has  subsided. 
RUPOANJ.— Some    places    in    villages     Hargaon,    Chaipara,    Ballabdi, 

Shukerail,  Badburpur  5t7,  Char  Rahimuddi,  Natubdi«  Tarail,  have 

subsided. 
Narsikodi  outpost.— Several  places  from  Khania  river    to  Hatidoa 

river  and  on  the  side  of  the  Narsingdi   road  have  subsided*    Some 

lands  in  village  Char  Bhagalia  have  subsided. 
Manikganj  Station.— Some  parts  of  river  bank  in  village  Bhadar  hava 

cracked.    Some  pieces  of  land  in  village  Shaitya  have  subsided. 

Some  parts  of  land  in  village  Samabari  have  subsided. 
MuNSHiGANJ. — Several  places  in  villages  Char  Balaki,  Char  Kajuli  and 

Baisagram  have  been  cracked.    Several  pieces  of  land  in  village 

Raipur  have  subsided. 
Srinaoar.— A  piece  of  Isnd,  about  3,000  haths  in  length  and  3  hidhs  in 

breadth  in  village  Janginagar,  has  subsided. 
A  piece  of  land,  about  40  haths  in  length  and  40  haths  in  breadth 

has  subsided. 

Outpourings  of  Sand  and  Watbr. 

Kbranioanj.— In  village  Jinjira,  land  6  haths  long  and  i\  haths  in  breadth 
has  cracked,  and  black  sand  and  water  was  thrown  up.  In  some 
seven  places  in  a  char  of  the  Dhaleswari  river,  about  i  or  i)  pakhi 
of  land  have  subsided  ijto  3  feet;  water  and  black  sand  were 
thrown  up.    About   3  pahhis  of  land  in   village  Washpur  have 
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sub^ded ;  water,  ■and  and  day  were  thrown  up.  About  3  patfiii  of 
land  in  Kamrangi  thar  have  subsided.  Two  or  3  pahhii  of  land  in 
a  thor  in  the  Dhaleswari  river  near  village  AbdiJpur  have  subsided 
into  the  Dhalefwsri  river  j  land  about  So  or  go  hathi  long  and  4 
hmlhi  broad  has  subsided ;  water  and  sand  were  thrown  up. 

jAiDsaniit^— Some  lands  in  village  Raraitali  have  been  cracked;  black 
sand  was  thrown  up. 

StBHAR. — Some  poftions  of  land  on  the  south  and  western  side  of  Kalia- 
lean  outpost  have  cracked  (  water  and  sand  were  thrown  up  ;  and 
also  in  villages  Nayanagar,  Akura,  and  Hijaltali. 

KtPisii.— Three  houses  in  village  Rhirati  have  subsided ;  water  and  sand 
were  thrown  up  j  same  occurrence  look  place  in  village  Nandia. 

tive  houses  in  village  Aral  have  subsided  i  water  and  sartd  Wtri 
thrown  up. 

Nawaboanj.— About  a  mile  long  and  1  foot  broad  d(  Idnd  in  *CII^>V 
Gaxikhati  has  cracked;  large  quantity  of  water  and  sand  were 
thrown  up :  and  about  a  paifu's  of  land  were  covered  with  sand. 

About  3  pakhii  of  land  on  the  bonk  of  the  Dhatoswari  river  near 
village  Malikanda  have  subsided,  and  fornied-a  deep  tank.  About 
3  httitof  land  in  village  Char  Ambaris  have  subsided  j  water  and 
sand  were  thrown  up.  Some  damages  were  done  to  villages  Nagor- 
kandi,  Baliapara,  Narsinghpnr,  Nurapur  and  Maindabad. 
A  ihal  about  50  haths  in  length  has  befti  formed  in  village  Baidar- 
bagh.  A  small  Mhal  has  been  formed  in  village  Kaitakhali. 

RuFo«NJ.— Some  places  in  village  PJaoparV  hav«  cracked;  water  and 
sand  were  thrown  up  A  ihal  has  been  formed  in  village  Gadai 
Char.  Some  places  in  villages  Bag&nagar,  Haregaon,  Darikandi. 
Khaditnpara,  Jhaogsra,  Jagafdi,  fiargatm,  Dutterbari  have  cracked, 
sand  and  water  were  thown  up ;  and  about  30  halht  of  land  in 
village  fCalagachia  have  been  Clicked  with  sand.- 

Nassikodi  oijtpo ST. —Sortie  lands  in  village  SatirfAftf  have  cracked; 
water  and  sand  were  thrown  up  -,  both  sides  of  thtf  Baher  Char 
ihal  have  subsided  ;  black  sand  was  thrown  up. 

Raipura.— Several    places  in    the   jurisdiction   ct  RalpuW  Station  have 
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and  mud  wert  tlufomi  ofK  Some-damaftt  occurred  ia  vittafe  Ukrib 
Some  pieces  of  land  in  village  Char  Hijli  have  subsided  i  water 
was  thrown  up. 

Some  pieces  oi  land  in  village  Takuni  have  cracked ;  water  and  land 
were  thrown  up. 

Ghbor    outpost.— -Several  pieces  of  land  in  the  jurisdiction  of  Gheor 
outpost  have  cracked ;  water  and  sand  were  thrown  up. 

Harirampur. — Some  pieces  of  land  in  Baragarabil  have  cracked ;  water 
and  sand  were  thrown  up. 

MuMSuiGANj.— About  one  kani  oil^nd  in  village  Raghur  Char  has  subsid- 
ed ;  water  was  thrown  up. 

A  piece  of  land  in  village  Alipura  has  cracked,  and  water  was  thrown 
up.  About  one  kani  oi  land  in  village  Bhater  Char  has  subsided; 
water  was  thrown  up. 

Lttiir  No,  rssoy.f  dated  Uymensingh,  iJu  2nd  November  iSQjtfrom  E,  B.  HarHi^ 
Esq,^  Magistrate  of  Mymensingh,  to  ih§  Commissiotur  of  th$  Daecm 
Division. 

With  reference  to  your  No,  1300-G.,  dated  the  26th  August  last,  forwarding 
copy  of  Government  letter  No.  4620,  dated  the  14th  idem,  I  have  the  honour  ta 
refer  you  to  this  office  No.  942-J.,  dated  the  3rd  July  1897,  in  which  I  gavis  aa 
account  of  the  damage  caused  by  the  earthquake  of  the  12th  June  1897. 

3.  In  the  Jamalpur,  Netrakona  and  Sadar  subdivisions  fissures  were  Im 
numerable.  There  were  a  good  number  in  parts  of  Kishorganj  |  and  none  at  all  tR 
the  Tangall  subdivision.  All  the  smaller  rivers  in  the  first  three  sabdivinona  had 
them  beds  apheaved  in  places,  particularly  the  Katcha  Mattat  Kharta  and  MirgI 
rivers.    Most  of  the  tanks  and  wdls  in  these  parta  were  more  or  lew  sUted  op* 

3.  As  regard  landslips,  several  have  occurred  since  the  12th  June  1897,  the 
majority  of  which  no  doubt  have  been  caused  by  seismic  shocks;  Some,  of  courser 
are  due  to  constant  rainfall.  As  no  observations  were  made  at  the  time^  it  it 
impossible  to  distinguish  landslips  during  the  earthquake  and  those  caused  by 
the  subsequent  rain.  The  Garo  Hills,  which  bor^r  the  district  to  the  north,  bear 
marks  of  numerous  landslips; 

Extract  from  Notes  on  the  earthquake  of  th*  12th  June  iSgTt  hy  the  Mun^  ef 
Isvarganj,  in  the  District  of  Mymensingh,  forwarded  with  his  letter,  detted 
Isvarganjt  the  20th  Auguit  i8gy,  addressed  to  the  Officiating  DirutoTt  Geoib^ 
gical  Survey  of  India. 

•  •••••• 

(3)  Formation  of  the  springs  of  sand  and  mud. 

During  the  earthquake  these  springs  were  formed  at  several  places  here. 
I  have  seen  with  my  own  eyes  springs  forming  upon  the  bank  of  the  river* 
The  pressure  with  which  the  sand,  mud  and  water  were  thrown  up  by  these 
springs  was  very  great  At  several  places  these  were  thrown  up  over  10  feet 
high.    The  sand  and  water  were  forced  up  at  a  very  rapid  rate,  and  the  forcing 
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cm  n  ioKt  atjee  i&e  ^KtSisy^^x  «as  :>«tr. 
kftf  Ike  JTir— ig:"c«  1:  tKt^rti  p.x-r%.     T'sc   £fu 

i  zi  xbe  ;f»fff.     I  ^m  Tears  a  ne  propi>  of  Ga=r:- 

~:« tau   Moei£.  ^=BiIy  pnpar.^   ftz^cs  10  sai« 

•  ^ocyuc  K'rrrf  x^;  i*e  pe>f^  bov    had 

Aaoiiff  cdca  was  liM  arai'jf  jzads  ■»«  rat^rij  eugn!  cxa-  br  Tie  Unr 
cf  nad  5:r3ed  -=;  tlr-»f.  ibnc  ap-ie^s.  Sc  xu±  sa*d  ikS  sssi  -bctc  k^^v^sb 
^  t^Jt  ^  3  efi:x^Ed  ^x  xSdk  a  asms*  erf  :!« Jaari  vshm  t±B  Msxais,  Israr- 
(^'  ';ras  been  CLtl't-'y  eawervd  onr  «^  saad  X  spaces  3  1.3  4  fea  deep,  bj 
vEccs  :^ese  '.^adf  h^ic  bec^ne  ste:;  csfccn  fx^  ouinun. 

Wz=  refertncc  to  iboe  B=d  ifr^cc*  *  "  nrrepri-y  to  aKe  faen  t&ac  f  bad 
txcsutcc  U  ntice  tbe  eam  cf  ibe  adrnf  bov  «iin«e  d«  cor  ti  the  ^Kiara- 
U^w  rj  certaia  vcSs.  I  fbard  t^ac  ptar  ihe  ktCm*  cf  C3C  '.aad  ibm  is  %  laicr 
ascst  9  cr  10  leet  deep  ^■:i:h  3  genenZy  cctapcaed  cf  laoae  ^w&.  I  foml 
boc^  ni  aed  itiM  nads  ^  tbcir  cn^posiFm.  Bdw  i2is  e^et*  s  amdia-  lajo- 
cf  tu±  cad  rth  iprlaikJ-g  c<  n.id.  Tls  inv  a  &iaa  4  to  6  fca  deep. 
Brloa  ti:ja  tborv  is  a  laTo-  of  K^3qcsd  patril  khL  Tkis  lamr  3  lerf  tlu^ 
A  to'Bhqo  po^e  aas  fcnxd  bC3  uzs  :a(«.  I:  acat  don  anve  15  to  30  feet 
mkboA  amth  iim«  1  11  I  bciincd  t*ji  bis  10  be  ottr  30  feet  deep,  ft  does  dcc 
*pyBM  w^at  b  beio*  ibcs  '.anr.  Tbis  appears  to  be  dw  a^te  at  liie  soi;  tlvcM^h- 
c^  tki*  dstria.  Tkroog^^^  i?'-t  eitfikx  tbc  fissaics  vnre  tanaed  obIt  tai  ibe 
■pper  saadj  laier,  aad  am  :c  no  place  men  ikaa  9  a-  la  fed  deep.  TUa  also 
,f»jj..'.»  aW  e»er>abetg  fane  laad  aad  ^Lad  acre  throva  »p  ia  »baadmoe. 

letter  jr«.  /«74  G,  />f(^  CnK^a*;,  tit  rM tkijitr  iS^.frwm  F.  K.S. C^itr, 

Etq^  Ofia^Kg  Cammiaimmtr  »f  tki  CiitUgmg  A'fuxn,  iti^  Cli^  Atrw 

Urj  t»  At  GMtrmmtml  tf  Bfrngj!. 

WA  rdiaeigeto  Guim-iueut  Ictur  Na.  4630J,  dated  Lp3i  A^ort  1897, 

f^Tmg  iior  CRtaia  irfarxadoa  ia  coaacajon  witfa  the  eartSq^ike  of  1Mb  Jnae  last, 

1  fcaie  the  fcoooor  to  «d»aail  copies  cf  tbe  repoiis  labiaittrrt  bj  Ibe  SobdhrisiaeiBl 

Ofictf  ai  Brihajiibarii  aai  the  Distrkx  En^ai 
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Thana  Kasva. 

3.  Three  fissures  about  500  cubits  long  about  2  inches  wide  and  about  half  a 
cubit  deep  in  village  Kharampur.  They  poured  out  sand.  Many  small  ditched 
appeared  and  poured  out  sand.  Long,  wide  and  deep  fissures  were  seen 
in  the  surrounding  char  lands  near  Mogra.  Sand  and  water  were  spouted  out. 
Some  portions  of  land  subsided  and  at  points  the  subsidence  was  about  5  inches 
below  the  normal  ground  level. 

Thana  Nabinaoar. 

4.  A  fissure  about  300  cubits  in  length,  about  4  cubits  wide,  and  about  3 J 
cubits  deep  at  Madhupur.     It  threw  up  sand. 

2.  No  landslips  were  noticed  in  this  subdivison. 

Report  of  the  District  Engineer  of  Tipper  ah. 
Begs  to  state  that  there   has  neither  been  any   fissure   in  the  earth    nor  any 
landslip  within  the  area  of  this  district,  except  the  tapping  of  a  big   spring  about 
8  inches  in  diameter  in  a  pucka  well    under  construction   at   Chandpur,  emitting 
sand  and  water  and  filling  in  the  well. 

(fl)  A  long  fissure  about  500  feet  in  length  and  average  18  inches  wide  on 
the  road  leading  to  Agartala,  about  one  mile  from  the  British 
boundary.     Direction  of  crack,  east  to  west. 

(b)  Several  fissures  in  the  earth  at  Agartala  of  the  above  description  and 

direction,  and  out  pouring  of  sand  only  in  some  place,  only  to  the 
height  of  the  level  of  the  ground. 

(c)  One  thatched  shed  sank  down  half  of  Us  length  about  30  inches. 

(d)  The  water  of  a  tank  was  6  feet  deep  before  earthquake,  but  only  3  feet 

after  it. 

Letter  No.  rsg2XX,—8G.,  dated  Dhuhri,  the  8th  Septewber  iSgy,  from  A,  G, 
Hallifax,  Esq.,  I.C.S.t  Deputy  Commissioner  of  Goalpara,  to  the  Secretary 
to  the  Chief  Commissioner  of  Assam » 

With  reference  to  your  memorandum  No.  514S-59G.,  dated  the  9th  August 
1897,  requesting  to  supply  certain  information  as  to  extent  to  which  fissures  in 
the  earth,  outpouring  of  sand  and  water,  etc.,  have  been  observed  on  the  occasion 
of  the  last  earthquake,  I  have  the  honour  to  state  that  fissures  in  the  earth  were 
observed  throughout  the  Dhubri  and  Goal  para  towns,  more  especially  on  the 
river  banks.  There  is  not  a  single  road  in  the  town  which  escaped  damages 
caused  by  fissures  in  the  earth.  The  earth  was  cracked  in  all  directions.  The 
outpourings  of  sand  and  water  were  also  observed  in  a  good  number  of  cracks, 
both  in  the  towns  and  in  the  interior  of  the  district.  The  effects  of  the  earthquake 
in  the  interior  of  the  subdivision  were  similar  to  those  experienced  in  the  town. 
Most  of  the  wells  have  been  filled  up,  and  the  ground  in  various  places  has  been 
covered  wjth  sand  and  water.  Many  of  the  roads  in  the  interior  have  been 
damaged  owing  to  cracks.     Reports  have  been  received  that  a  good   number  of 
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river  channels  has  been  filled  up  with  tand,  whereby  some  ferries  have  been  tenf 
porarily  closed.  Landslips  were  found  at  three  places  on  the  Bhumeivar  Hill,  but 
caused  no  damage  to  the  crops,  aa  the  land  below  it  ia  covered  with  grass  jungle. 

t*tttr  No-  i6js,  daltd  Gauhatt,  the  16th  tfovembtr  1S97,  from  Captain  P.  R,  T. 
GurdoH,  I  SC  Dtputy  Commiistontr  of  Kamrup.to  tha  Sicrtfary  to  tkt 
Chief  Conmiuioner  of  Astaat  (throvgh  tht  CommissioHtr,  Assam  ValUy 
DisMcis). 

With  reference  to  your  memorandum  No.  5148-59G.,  dated  the  9th  August 
last,  asking  for  a  special  report  on  the  extent  of  fissures,  outpourings  of  sand  and 
water,  the  filling  up  of  river  beds,  etc^  owing  to  the  earthquake,  I  have  the  honour 
to  submit  the  following  report  regarding  the  Gauhati  subdivision  ;a  separate 
report  by  the  Subdivisional  Officer  of  Barpeta  is  submitted  with  its  endosnres. 

a.  You  are  aware  that  in  several  places  in  this  district  deep  fissures  were 
formed  owing  to  the  earthquake.  In  the  Bordwar  Tea  Estate  a  garden  situated 
at  the  foot  of  the  Khdn  Hills,  two  fissures  were  measured  by  Mr.  Oilman.  They 
were  found  to  be  40  end  45  feet  deep,  respectively.  The  fissures  varied  in  width 
from  3  to  4  feet.  It  is  observable  that  the  fissures  that  opened  near  rivers  were 
in  a  direction  parallel  to  the  banks.  The  strand  road  from  Sukleswar  ghit  to 
BhoTOlumukh  furnished  a  striking  illustration  of  this. 

Throughout  the  length  and  breadth  of  the  sadar  subdivision  cracks  were  very 
numerous.  The  road  from  North  Gauhati  to  Tambulpur,  notably  the  portion 
between  Kamalpur  and  Bangia  and  that  between  the  5th  and  6th  mile  of  the 
ftangia-Tambulpur  road,  and  the  road  to  Hajo  from  Tambulpur  via  Barama  and 
Nalbari,  and  the  adjoining  fields,  were  fissured  in  several  places.  In  many 
instances  cattle  are  said  to  have  lost  their  lives  by  Falling  into  the  cracks. 

3.  As  regards  effusions  of  sand  and  water,  it  is  reported  that  in  nearly  all  tho 
tahailsthe  rice-fields  opened  in  Rssures,  and  through  these  were  ejected  sand 
and  water,  which  sometimes  rose  to  a  hdght  of  several  leet,  and  on  falling  formed 
aand  craters.  I  may  mention  that  I  personally  saw  these  sand  geysers  in  the 
rice-field  of  Nalbari,  where  I  was  in  camp  at  the  time  of  the  earthquake.  The 
geysers  rose  to  a  height  of  from  3  to  4  feet.  The  water  was  not  hot,  nor  was  there 
any  sulphurous  smell,  as  has  been  reported  by  some  correspondents.    I  should 
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Hajosota,  the  Barnadi,  and  many  hill  streams  in  Tambulpur  have  been  conaider* 
ably  raised,  and  the  water  from  them  overflowing  the  banks' inundated  the  whol* 
country  on  both  sides.  Interior  traffic  and  communication  by  river  was  retarded 
owing  to  the  shallowness  of  many  of  the  rivers.     The  beds  of  irrigation  canals  in  / 

Tambulpur  were  raised  and  the  water  stopped.  v 

5.  Landslips  are  reported  to  have  occurred  in  this  subdivision.  Near  Chouki, 
5  miles  to  the  north  of  North  Gauhati,  a  small  landslip  occurred  from  a  hill  on 
the  roadside,  but  not  so  as  to  render  the  road  impassable.  Further  to  the  north, 
near  Chutiapara,  huge  rocks  fell  down  the  Kohora  and  Deoduar  Hills.  In  Hajo 
several  rocks  have  rolled  down  the  hills,  and  the  temple  of  Siddheswari,  which 
stood  on  one  of  these  hills,  is  no  longer  in  existence. 

6.  In  Bhutan  the  shock  of  the  earthquake  seems  to  have  been  certainly 
severe,  if  we  can  judge  from  reports.  A  portion  of  the  Gomchichitong  hill  to  the 
north  of  Dewangiri  fell.  The  Bhutan  boundary  pillar  at  the  foot  of  this  hill 
was  broken,  and  the  high  land  near  it  subsided.  A  portion  of  the  road  from 
Dewangiri  to  Oranggaon,  within  the  jurisdiction  of  Bhutan,  was  blocked  up  by  a 
landslip  from  the  Orang  hill.  People  having  to  pass  by  that  road  now  take  a 
circuitous  route  by  the  bed  of  the  Dia  stream.  The  Ridaja  Hill  lo  the  north  of  the 
Orang  hill  is  reported  to  have  been  "levelled  to  the  ground."  This  hill  was 
formerly  very  high,  its  summit  being  covered  with  snow  nearly  all  the  year  round. 
The  report  is,  however,  hardly  credible. 

The  road  leading  to  Susa  town  was  blocked  up  near  Solikhar  by  the  fall  ol 
Nadangsing  and  Jirim  hills.  Foot  passengers  can  still  pass  by  the  road,  though 
riding  is  impossible. 

Portions  of  the  Oangla  and  neighbouring  hills,  with  the  houses  of  the  Lama, 
fell  down.  The  iron  bridge  over  the  Monas  is  reported  to  have  collapsed.  The 
principal  mantraghar  (or  place  of  worship)  of  the  Desa  R^ja  and  the  stone  house 
of  Gorajung  Rdja  were  levelled  to  the  groui  d.  Besides  these,  there  were  numer- 
ous landslips  within  the  jurisdiction  of  Bhutan,  among  smaller  hills,  which  have 
blocked  up  roads  and  rivers  in  places. 

Letter  No,  366,  dated  Barpeta,  the  23rd  September  i8g7,  from  Babu  Madhuh 
Chandra  Bardalai,  Subdivisiunal  Officer  of  Barpeta,  to  the  Deputy  Commis^ 
sioner  of  Kamrup, 

With  reference  to  your  memorandum  No.  1613,  dated  the  17th  ultimo,  forward- 
ing copy  of  the  letter  No.  6c2,  dated  Calcutta,  the  26th  July  1897,  from 
R.  D.  Oldham,  Esq.,  Officiating  Director,  Geological  Survey  of  India,  to  the 
Secretary  to  the  Chief  Commissioner  of  Assam,  I  have  the  honour  to  report  as 
follows. 

2.  That  immediately  after  the  occurrence  of  the  earthquake  of  the  12th  June 
1897,  the  earth  opened  in  fissures  in  every  direction,  and  as  far  as  it  has  since  been 
ascertained  by  local  enquiry,  everywhere  within  this  subdivision,  the  openings 
being  wider  and  greater  in  length  in  places  higher  up  than  in  places  lower  down 
near  to  the  Brahmaputra  ;  while  on  the  other  hand  geysers  rose,  throwing  up  sand 
and  water  from  diflerent  heights  ranging   from   2  feet  to  13  feet.     Bits  of  coal, 
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old  logs,  and  other  vegetable  substance  came  out  of  the  springs  with  the  sand  and 
water.  The  springs  were  mors  numerous  in  low  lying  places  than  in  high  tracts 
towards  the  north  near  the  Bhutan  hills. 

3.  Simultaneously,  wi;h  the  springs,  the  river  beds  were  raised  high  as  to  make 
them  nearly  of  the  same  level  with  the  banks,  with  the  result  that  the  volumes  of 
water  imbttlded  hitherto  in  the  rivers,  added  to  the  subterranean  water  thrown  out 
of  the  springs,  overflowed  all  the  places,  high  and  low,  the  flood  rising  to  the 
highest  recorded  flood  level  the  day  after  the  earthquake. 

4.  That  from  the  undulations  observed,  specially  in  the  roads,  it  is  pretty 
certain  that  the  wave  of  the  force  of  the  earthquake  moved  in  the  direction  of 
south* west  to  north-east. 

5.  From  the  subsequent  high  floods  that  have  inundated  the  subdivision,  there 
could  not  be  much  doubt  that  the  river  channels  have  been  raised,  and  that  the 
lands  near  the  ri\-er  banks  have  generally  subsided  to  a  depth  varying  from  3  to 
7  feet  or  more,  while  the  tracts  of  the  subdivision  towards,  the  north  nearer  the 
Bhutan  hills  remain  higher  as  before. 

I  beg  to  enclose  herewith,  in  original,  a  detailed  report  submitted  by  my  Sub- 
Deputy  Collector,  Babu  Abhya  Sanker  Guha,  who  was  specially  deputed  to  make 
local  enquiries  and  report  on  the  points  in  question,  for  your  perusal. 


MtmoranduM,  datid  Barfiela,  ifu  tglh  SepUtubir  tSgj,  by  Babu  Abhya  Sanker 
Guha,  Sub-D»puty  Collector. 

The  following  report  is  submitted  to  the  Subdivistonal  Officer,  Barpeta,  with 
reference  to  memorandum  No.  1613,  dated  the  [7th  August  1897,  from  the 
Deputy  Commissioner  of  Kamrup. 

When  the  earthquake  of  i  ith  June  occurred  I  was  out  on  tour  in  the  Paka 
Mausa.  The  very  night  of  the  disturbance  [  went  by  boat  from  Kahikucht  to 
Lachima.  Since  then  I  have  travelled  by  land  and  water  in  the  rural  tracts  all 
over  this  subdivision  for  the  purpose  of  enquiring  into  the  condition  of  the  people 
and  crops  and  dftnage  done  by  earthquake.  I  have  thus  been  able  to  observe 
personally  the  effect  of  the  great  shock  over  wide  areas  in  the  shape  of  fissures  iii 
the  earth,  outpouring  of  sand  and  water,  and  filling  up  of  river  channels,  etc. 
1  have  also  made  enquiries  on  the  subject,  from  which  I  learn  that  the  phenomena 
above  mentioned  have  been  widespread  so  far  as  the  Barpeta  subdivision  is 
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3.  Immediately  after  the  earthquake  we  took  refuge  on  an  open  field  not  far 
away  from  a  Nepali  basii  on  the  Singra  river,  and  there  the  earlh  opened  in  wide 
fissures,  emitting  sand  and  water.  This  took  place  so  quickly  and  in  so  many 
directions  that  we  had  to  make  a  precipitous  retreat  into  our  boats.  Thjs  sub- 
division having  been  extensively  flooded  immediately  after  the  earthquake,  the 
fissures  cannot  be  observed  so  well  as  in  the  higher  districts ;  but  that  they  have 
been  widespread  is  evident  not  only  from  what  can  be  seen  in  those  tracts  which 
are  dry.  but  also  from  soundings  taken  in  water.  In  travelling  by  country  boat 
my  boatmen  have  found  varying  depths  at  close  intervals  while  pushing  the  boat 
by  means  of  bamboo  poles.  Also  in  wading  through  water  on  foot  (I  was  obliged 
to  do  this,  as  boat  journey  was  not  everywhere  practicable),  I  frequently  slipped 
into  deeper  gaps,  thereby  showing  that  the  soil  below  the  water  was  fissured  more 
or  less.  In  the  northern  and  elevated  parts  of  this  subdivision  the  cracks  are 
still  seen,  although  they  have  been  filled  up  to  some  extent  by  earth  washed  away 
by  rain  or  obliterated  by  cattle.  I  enclose  herewith  a  rough  sketch  (not  printed) 
showing  some  of  the  fissures  in  villages  Nuntola  and  Bairapur  in  the  Roha  tahsil 
and  a  statement  showing  those  in  the  villages  Bhaluki.  Balipara,  Pakaketkibari, 
Tuplipanbari,  Nityananda  Panbari,  Raipur,  Kukuabatabari,  Dalaigaon,  Muguri, 
Haguri,  Sariha,  Chakla  and  Patacharkuchi  in  the  Bajali  tahsil.  The  length, 
breadth,  depth,  and  directions  of  the  fissures  are  mentioned. 

4.  As  already  stated,    I  was  in  a  boat  at  the  time  of  the  earthquake,  and  the 
country  being  open  on   all   sides,    I    could   clearly  observe    the  springs  pouring 
out   sand  and  water.     1   saw   several   spouts  on   the  Singra  River  itself,  one  of 
which    rose   about  7   or  8  feet  high,  close  to  our  boats.    The  boats  escaped 
providentially.    Some  of  the  crew  and  the  supervisor  kanungo  of  the  Barpeta 
circle,  who  had  accompanied   me,   jumped    overboard    in     great    terror,    and 
managed    to    reach  the  shore.    Some    geysers    rose  close   to   the    beach,    and 
several  were  seen  further  inland,  like  fountains  playing.    From  their  distance 
I  think  some  were  as  high  as    10  to  12  feet.    The  roar    produced  by  these  some- 
what resembled  that  of  a  bore.      These  outpourings  continued  till   a  couple  of 
hours  after  the  earthquake,  but  their  force  gradually  faded  away   as  the    country 
was  flooded.     However,    nearly  two  and  half    months  after  the  great  earthquake 
1  found  water  oozing  out,  though  in  minute  quantities,  from  some    of     the    sandy 
craters  caused  by  the  geysers  of  12th  June  in  Mauza  Domkachakabansi.   A  villager 
told  me  that  water  came  out  of   these   whenever  there  was  a  severe  shock.     From 
enquiries  I  have  learnt  that  geysers  have  been    common  all  over  the  subdivision. 
As  the  water-bearing  strata  were  forced  up,  the  result  was  the  immediate    flooding 
of  the  whole  subdivision,  high  and  low   portions  alike.     The  water  soon  subsided* 
however,  in  the  higher  parts,  and  as  it  flowed  down  to  the  lower  tracts,   the  in- 
undation in  the  latter  increased,  which  has  been  further  augmented  by  two  successive 
floods,  the  third  higher  than  the  second.     Bits  of  coal,  old   logs,  and  other    veget- 
able substance  were  forced  up  with  the  springs,  exciting  the  wonder  of  the  ig- 
norant villagers.     Bice-fields,  wells,  tanks,    nullas,  and  creeks  were  covered  with      \ 
sand  ;  and   houses  were  damaged  or   destroyed  where  the  geysers  occurred  inside       I 
or  close    to   them.     Granaries   containing    paddy  have  also  been    injured  or  de-^^ 
stroyed  in  this  way. 
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5.  One  of  the  most  curious  phenomena  resulting  from  the  earthquake  of 
I2th  June  was  the  lowering  of  high,  and  the  raising  of  low  places.  Many  localities 
which  never  used  to  be  under  water  before  were  flooded  immediately  afier  the 
earthquake  j  on  tlie  other  hand,  beds  of  rivers  and  bils  have  been  raised.  This 
raising  has  been  affected  in  three  ways  ;  one  by  sand  deposited  by  geysers 
another  fay  subsidence  of  the  banks,  and  the  third  by  upheaval.  That  there  has 
been  actual  upheaval  oi  river  beds,  etc.,  can  be  inferred  from  the  f  ict  that  portions 
of  several  roads  have  been  raised  in  a  curious  fashion.  Undulations  are  seen  on 
the  surface  of  roads  which  are  not  under  water,  and  several  bridges  have  been 
raised  owing  lo  the  timber  posts  which  supported  them  having  been  (creed  up 
by  the  upheaval.  One  such  bridge  is  to  be  found  on  the  road  leading  from  Tenga- 
gaon  to  Roha,  where  the  centre  somewhat  resembles  the  apex  of  a  triangle. 

6.  The  Slngra  was  a  deep  stream  before  the  earthquake,  and  we  could  not 
generally  fathom  it  with  the  bamboo  poles,  about  30  feet  long,  which  we  carried 
for  pushing  the  Ixiats.  But  after  the  earthquake  it  became  so  shallow  that  our 
canoes,  which  drew  about  a  foot  of  water,  grounded  in  several  places.  In  the 
Kapla  bil,  in  the  Sarukhetri  mauia,  my  holottg  boat,  wh  ich  drew  about  a  feet  of 
water,  grounded  several  times.  I  learnt  that  the  Kapla  was  a  very  deep  hil  before 
the  earthquake.  I  observed  the  same  phenomenon  in  the  Chiulkhaa,  the  Mara 
Man&s,  and  the  Knldla  rivers.  In  the  Bajali  tahsil  I  found  two  or  three  tanks 
quite  dry,  the  interior  having  lieen  filled  up  by  Eilt  and  raised  to  A  level  with  the 
surrounding  banks. 


Lttttr  No.  g^Q-G.,  iattd  Tetpur,  the  36tk  August  rSgf,  from  Lteutenatit-Colonel 
Af.  A.  Grey,  S.A.,  I.C.S,,  Deputy  Commissioner,  Darang,  to  the  Secretary  to 
the  Chief  Commissioner  of  Assam  (through  the  Commissioner,  Assam  Valley 
Districts). 

4.  In  the  Sadr  subdivision  there  were  fissures  everywhere  in  low-lying 
lands,  and  in  several  places  the  cracks  were  several  feet  wide  and  deep  on  the 
west  side  of  the  Bharalu  river.  Large  quantities  of  water  and  sand  were  ejected 
from  the  ground.  The  Tezpur-Balipara  tramway  line  was  very  severely  injured 
in  this  way  between  the  Stfssa  and  Etangapara  Stations.  I  visited  this  portion 
of  the  district  on  the  two  following  days— the  i3lh  and  14th  June— and  can  only 
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deposits  of  sand  were  much  greater  on  the  Chapori  than  elsewhere,  and  covered 
the  land  in  some  places  to  a  depth  of  four  feet.  At  Singrimari  tea  garden  a  foul 
smell  came  from  the  sand  and  water  spouted  up,  as  well  as  sand.  The  farthest 
case  eastwards  of  the  earth  opening  and  sand  and  water  being  poured  violently 
up,  was  at  the  Singlijan  tea  garden,  near  Helem,  about  50  miles  east-north-east 
of  Tezpur.  There  the  water  burst  out  actually  in  the  midst  of  the  coolie  lines,  and 
was  thrown  up  several  feet  hii^h.  This  is  remarkable,  as  being  an  isolated  case 
so  far  east  of  Tezpur.  The  garden  in  question  is  situated  at  the  very  foot  of  the 
Duffla  Hills. 

5.  The  beds  of  some  of  the  rivers  were  also  thrown  up  several  feet  by  the 
earthquake.  A  small  river  at  the  Tangani  tea  garden  ran  dry  and  filled  up  slowly 
during  the  nfght.  The  bed  of  the  Daiphang  River  southward  remained  dry  for 
five  days  after  the  earthquake.  The  Nonai  rose  suddenly  and  flooded  some  villages 
near  Nalbari.  The  Kulsi  flooded  portions  of  mauzas  Barantola,  Dalagaon,  in- 
clud-ng  Bholabari  tea  garden,  and  submerged  the  main  road  from  Kalaigaon  to 
Paneri.     The  Diggaj  did  the  same. 


I 


Letter  No,  720,  dated  the  7th  July   iS^y,  from  the  Assistant  Engineer,  Mangaldai 
SubdivisioHy  to  the  Executive  Engineer,  Central   Assam  Division, 

As  it  may  be  of  some  scientific  interest  to  ascertain  the  depth  from  which  the 
sand  and  water  were  forced  up  the  fissures  in  the  ground  during  the  great  earth- 
quake of  the  12th  June  last,  I  have  the  honour  to  report,  in  continuation  of  this 
office  No.  690,  dated  30th  June  1897,  ^^^^  ^^  ^^^  moment  the  earthquake  was  felt, 
I  was  supervising  the  sinking  of  Dalgaon  well.  It  was  between  5-20  to  5-25 
P.M.  according  to  my  watch.  The  well  was  sunk  to  a  depth  of  25  feet  below  ground 
just  before  the  earthquake,  and  after  the  earthquake  it  sank  6  inches  of  itself  giving 
a  total  depth  of  2s\  feet.  The  sand  met  with  at  depth  25  feet  was  coarse  river 
sand  with  pebbles.  The  next  day  when  I  sent  down  the  dredger,  it  stuck  into  sand 
and  it  was  with  great  difficulty  that  it  could  be  extracted,  when  very  fine  blue 
sand  with  a  slight  mixture  of  clay  was  brought  in  the  dredger.  This  sand  had 
filled  in  the  well  to  a  height  of  nearly  4  feet,  on  removing  the  sand  up  to  the 
buttom  of  the  well  curb  and  a  foot  below  it,  the  same  coarse  sand  which  I  was 
working  before  the  earthquake  was  found  and  the  well  sinking  was  stopped  at 
sanctioned  depth  of  27  feet  below  ground.  The  depth  of  fine  sand  which  has 
been  brought  up  the  fissures  in  the  ground  appears  therefore  to  be  not  less  than 
27  feet. 

2.  The  pucka  well  in  the  Subdi visional  Officer's  compound,  Mangaldai,  which 
was  sunk  to  a  depth  of  33  feet  below  ground  had  been  filled  in  with  the  same 
fine  sand  to  a  height  of  16  feet  above  the  bottom  of  well  curb  and  the  brick 
steining  cracked  badly.  This  sand  I  am  now  removing  for  examination  of  the 
well,  which  has  suffered  badly,  inasmuch  as  the  lower  portion  of  the  steining  is 
holding  an  inclined  position  and  a  portion  just  below  the  top  has  bulged  out. 
The  depth  of  fine  sand  according  to  this  well  is  not  less  than  33  feet  below  groiind 
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Ltller  No.  686.  JaUd  North  Lakhimfu*.  tht  30th  OdoUr   1S97,  from  H,  A.  C. 

Colquhoun,  Ssg.,  B^^  I.CS.,  SubdivisitHal  Offieir,  North  takhimpur,  to  tht 

■Deputy  CommisnoHtr  of  Lakhimpur. 

With  re fn-ence  to  your  memorandum  N0.493G.,  dated  the  aist  August  1897, 
I  have  the  honour  to  forward  a  report  supplying  the  information  available, 

1.  (a)  Fissures  in  the  earth  and  outpouring  of  sand  and  water  were  very 
general  throughout  the  subdiviaon  west  of  the  Subanuri.  They  occurred  gener- 
ally on  the  banks  of  rivers  and  on  low  lying  or  iwampy  ground.  The  fisfures 
were  usually  of  a  few  inchis  in  breadth  and  two  feet  in  depth,  and  often  exceeded 
100  yards  in  length.  The  emisnon  of  sand  and  water  was  accompanied  in 
most  cases  by  sulphurous  smells.  General  subsidence  also  occurred  in  parts 
affected  by  fissures.  This  is  especially  noticeable  along  the  left  bank  of  the 
Dikrang  for  four  miles  above  Narainptir.  The  bank  has  been  deeply  fissured,  and 
the  surrounding  country  inupdated  owing  to  the  subsidence  of  the  soil.  At 
Kadam  tea  garden,  again,  an  acre  or  two  of  tea  has  been  destroyed  owing  to  the 
soil  having  became  water-logged,  and  the  |«rden  has  been  subjected  to  unusual 
floods.  It  is  probable  that  these  floods  have  been  caused  in  fact  by  silting  up 
of  the  Dikrang  and  Kadam  river  beds,  but  I  am  not  prepared  to  say  to  what  ex- 
tent.   That  considerable  subsidence  has  occurred  ii^  however,  unquestionable, 

(A)  Neither  fissures  nor  subudence  have  been  reported  from  the  three  mauzai 
cast  of  the  Subansiri. 


LttUr  No.  749G.,  dated  Sihttgar,  tht  8th  StpUmhtt  tSgj,  from  Birnard  V. 
Nicholl,  Esq.,  I.C.S.,  Deputy  CommUsioHtr  of  Sibsagar,  to  the  Dirtctor  of 
tht  Geological  Survey  of  India,  Calcutta. 

The  following  is  a  summary  of  the  information  received  from  the  tahvldars 
subordinate  to  me.  ' 

The  occurrence  of  cracks  in  the  earth  from  which  sattd  was  thrown  up,  similar 
to  those  reported  from  Jorhat  and  Golaghat,  also  took  place  in  the  western 
portion  oE  this  subdivision. 

The  spots  where  these  phenomena  were  observed  are  all  in  (he  neighbourhood 
of  water  courses.  Some  people  were  driven  from  their  houses  by  the  appearance 
of  sand  and  water  coming  up  through  the  floor.  A  considerable  portion  of  one 
road  in  the  same  locality  sunk,  and  will  have  lo  be   thrown  up  again   lo   1 
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and  2  of  letter  No.  6ga,  dated  the  26th  July  1897,  from  the  Officiating  Director, 
Geological  Survey  of  India,  copy  of  which  was  forwarded  with  your  memorandum 
No.  670-71,  dated  the  19th  August  1897. 

2.  Fissures  in  the  earth  and  outpourings  of  water  and  sand, — This  pheno- 
menon was  not  uncommon  in  this  subdivision,  but  no  record  was  made  either 
of  the  size  or  numl)er  of  the  fissures  that  appeared.  In  Jorhat  town,  in  the  Dacca 
patti,  the  earth  cracked  m  several  places,  and  in  spite  of  the  cracks  not  being  more 
than  6  or  7  feet  in  length  and  5  or  6  inches  broad,  water  and  sand  were  thrown 
up  in  considerable  quantities.  In  the  Domgaon,  a  mile  north  of  the  town,  the 
soil  was  much  broken  up,  and  between  one  and  two  hundred  fissures,  varying 
from  a  few  inches  to  15  or  20  feet  in  length,  appeared.  The  largest  of  these 
must  have  been  nearly  a  foot  broad.  Here  also  there  was  a  considerable  effusion 
of  sand,  water,  and  mud. 

The  largest  cracks  reported  were  those  on  the  Ladoigarh  road,  near  Nokachar 
tea  estate,  one  of  which  was  nearly  2  feet  in  breadth,  the  road  being  an  unbanked 
one  ;  these  cracks  were  probably  due  to  a  fault  in  the  soil. 

3.  No  information  has  been  received  of  landslips  in  the  hills. 


Letter  No,  955G.,  dated  Golaghat,  the  gth  September  iSgj,  from  Lieutenant 
IV,,  M,  Kennedy,  I.S.C.,  Assistant  Commissioner,  Golaghat,  to  the  Deputy 
Commissioner  of  Sibsagar, 

In  reply  to  your  memorandum  No.  670-710.,  dated  the  19th  ultimo,  for- 
warding a  copy  of  letter  No.  692,  dated  the  26th  July  last,  from  the  Officiating 
Director,  Geological  Survey  of  India,  directing  me  to  furnish  the  information  re- 
garding the  recent  earthquake,  called  for  in  paragraphs  1  and  3  of  that  letter,  I 
have  the  honour  to  submit  the  following  reports. 

Rangamati  mauea.-^k  fissure,  3  miles  long  and  from  I  to  3  feet  broad^  was 
formed  from  the  old  Garhali  to  the  new  road  near  the  Dhansiri  river.  It  extended 
for  about  3  miles,  and  sand  and  water  were  emitted  from  it  to  a  height  of  from  i 
to  2  feet.  Near  the  Dhansiri  river  there  was  a  fissure  30  or  40  nals  in  length  and 
6  or  7  nals  in  breadth.  The  surrounding  land  has  subsided  3  or  4  cubits.  In 
Mohora  Bilota  village  near  Gela  Nadi,  a  fissure,  150  na/^  in  length  and  i  or  2 
inches  in  breadth,  was  formed.  InGaraimari  chapari  a  fissure,  200  nals  long 
and  5  or  6  inches  broad,  and  on  the  west  of  the  chapari,  a  fissure,  120  nals  long 
and  2  or  3  inches  broad,  were  formed,  from  both  of  which  sand  and  water  were 
discharged.  Also  at  Baukula  village  a  fissure,  250  nals  long  and  4  or  5  inches 
broad,  was  formed,  from  which  sand  and  water  were  emitted.  In  a  chapari  near 
Tinsukia  a  fissure,  180  nals  long  and  4  or  5  inches  broad,  appeared,  vomitting 
sand  and  water.  On  a  c^/!>arf  near  Dirai  5M^t  the  land  was  fissured,  the  length 
of  the  opening  being  310  nals,  and  the  breadth  3  or  4  inches.  From  this  also 
sand  and  water  were  discharged,  and  also  from  a  fissure  210  nals  in  length  and  3 
or  4  inches  in  breadth  which  appeared  in  Botokoi  village  near  Bena  bhil.  In 
this  mauza  there  may  have  been  other  fissures  too  in  other  chapari s  or  in  the 
jungle  which  were  not   noticed. 
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Akalguri  m*uga.~ln  Rangamiin  field  a  fissure,  60  or  70  nols  long,  i  cubit 
broad,  and  8  or  10  cubUa  deep,  was  Formed,  from  i^lch  broken  pieces  of  wood 
were  dischai^ed.  Sand  and  water  poured  out  from  a  fissure  in  Ramdhani  Mi^> 
the  length  of  the  fissure  being  40  or  50  cubits,  bieadth  ij  cubits,  and  depth  7  or 
8  cubits.  In  Charani  Alii  field  a  depression  like  a  pond  was  farmed,  covering 
about  jbighas  of  land,  thedepthof  the  water  being  laor  ij  cubits.  Broken 
pieces  of  wood  were  observed  floating  on  the  surface  ;  near  the  Brahmaputra  and 
the  Lohit  rivers  several  fiuures  were  formed,  and  in  some  places  the  land  sunk  8 
or  10  cubits. 

Natndoyang  mauio. — In  the  Lihhiraj  Khit  of  Karuabahi  sartra  a  Assure 
half  a  mile  long  and  about  i  foot  broad  was  formed,  from  which  sand,  water, 
and  broken  pieces  of  wood  were  cKschargedr  several  bhili  were  filled  up  with  sand 
and  other  bhih  were  deepened.  Mart,  Dhansiri,  and  Dijahi  and  other  jans  were 
m  parts  filled  wiib  sand. 

In  Bei  and  Bilotia  villages  some  fksures  appeared  in  the  wood. 

^((Afoon  *ofc«7.~Only  one  small  tiasure  2  «o/»  long  and  half  a  cubit  broad 
was  formed  ;  a  small  quantity  of  sand  and  water  was  emitted. 

Golaghat  taknl.—ln  Mauza  Monkhoa,  lot  No.  5,  one  fissure  was  formed,  in 
length  loo'tialf  and  in  width  i  or  3  cubits,  from  which  water  and  small  pieces  o( 
wood  are  said  to  have  been  discharged  to  a  height  of  5  or  6  cubits,  and  in  some 
places  the  land  sunk. 

In  lot  No.  6  fissures  are  reported  to  have  appeared  at  Salraara,  Mohkuti< 
Naparnua,  Bholnguri,  Butuli  Khoa,  and  Hanntli  Khend.  Thedimensions  of  these 
fissures  could  not  ba  ascertained  by  the  tahsildar,  as  the  land  is  now  tmder  water, 
but  some  of  theie  are  sdd  to  have  been  24  or  35  rtalt  long  and  3  10  4  cubits  wide. 
Minor  fissures  are  said  to  have  been  formed  on  the  banks  of  Nobhll  in  Khumlai 
mauta,  but  to  have  been  immediately  filled  up  with  sand.  In  Ibis  lahsil  only  the 
lands  bordering  on  rivers  and  bhilt  were  fissured,  the  soil  being  aandy  and  no 
fissures  appeared  in  the  interior. 

iftwamfl'-a  mod'a.— In  Borgohain  cAa^ari,  in  the  jungles,  some  very  small 
fissures  are  said  to  have  been  formed,  from  which  water  and  sand  were  discharged. 
These  alleged   fissures  are  now  under  water  owing  to  the  floods. 

As  regards  paragraph  jof  the  ORidating  Director's  letter  quoted  above,  I 
am  informed  that  no  hillmen  from  the  Himalayan  tracts  visit  this  subdivision. 
In  any  case  they  would  not  visit  the  plains  till  the  cold  weather  sets  in. 
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IjeUir  No,  2g2,  dated  Manipur,  the  t$th  September  tSgy,  from  A,  Porteous, 
Esq,,  I.C.S,,  Officiating  Political  Agent  in  Aianipur  and  Superintendent  of 
the  State,  to  the  Secretary  to  the  Chief  Commissioner  of  Assam. 

I  have  the  honour  in  reply  to  your  memorandum  No.  5148-59  G.,  dated  9th 
August  1897,  ^o  slate  that,  after  enquiry,  I  cannot  ascertain  that  there  has  been 
any  instance  within  the  Manipur  State  of  either  earth  fissures,  outpourings  of 
sand  or  water,  or  of  filling  up  of  river  channels  having  occurred  as  a  consequence 
of  the  earthquake  of  I2lh  June  last. 

Letter  No.  pTJy  dated  Silchar,  the  2nd  November  i8g7,  from  B,  B,  Newbould, 
Esq.,  I.e. S.f  Deputy  Commissioner  of  Cachar,  to  the  Secretary  to  the  Chief 
Commissioner  of  Assam, 

With  reference  to  your  memorandum  No.  5148-59G.,  dated  the  gth  August 
1897,  asking  for  a  special  report  giving  information  as  to  the  extent  to  which 
fissures  in  earth  and  landslips  have  been  caused  by  the  earthquake  of  12th  June 
last,  I  have  the  honour  to  submit  herewith  a  statement  showing  the  information 
wanted  as  precisely  as  is  possible. 

In  Katigora  tahsil  the  number  of  fissures  and  the  area  covered  by  outpourings 
of  sand  and  water  were  nut  recorded  at  the  time,  and  now  they  have  been 
obliterated.  No  river  channels  in  this  district  were  filled  up  by  slips  into  the 
river. 

Letter  No,  24gG,,  dated  Sylhet,  the  7th  April  i8g8y  from  L.  J,  Kershaw,  Esq., 
LC,S,y  Officiating  Deputy  Commissioner,  Sylhet,  to  tlie  Secretary  to  the  Chief 
Commissioner  of  Assam, 

With  reference  to  your  No.  5148-59  G.,  of  the  9th  August  1897,  calling  for  a 
special  report  on  certain  matters  in  connection  with  the  earthquake,  I  have  the 
honour  to  forward  summary  of  the  information  1  have  been  able  to  collect  from 
the  various  parts  of  the  district. 

2.  The  four  heads  under  which  the  Director  of  the  Geological  Survey  required 
information  are  : — 

(fl)  Extent  of  Assuring. 
{b)  Outpouring  of  sand  and  water, 
(c)  Filling  up  of  river  channels. 
{d)  Opening  out  of  new  khals. 

As  regards  (a),  fissuring  has  been  universal  throughout  the  district  to  a  small 
extent  on  the  public  roads  which  have  been  cracked  rather  than  fissured,  and  to  a 
much  larger  extent  on  the  banks  of  rivers  and  water  courses  and  in  the 
neighbourhood  of  tanks,  bils  and  hacrs.  Fissures  in  the  latter  cases  were  caused 
by  the  subsidence  of  the  banks  into  the  bed  of  the  river  or  tank,  and  their  direction 
was,  therefore,  almost  invariably  parallel  to  the  banks.  The  extent  of  the  fissures 
varied,  as  might  be  expected,  according  to  the  distance  from  the  centre  of  disturb- 
ance,    in  Karimganj  the  breadth  did  not   exceed  5  or  6   feet.     In    Habiganj  and 
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Sunamganj'they  SMin  to  have  been  more  considerable.  In  Sunamganj  tde 
largest  fissures  were  over  38  feet  broad  and  extended  along  the  river  bank  in 
some  places  over  half  a  mile.  In  Jaintia  and  Karinigani  there  are  Instances  of 
fissures  extending  in  a  coiilinuous  line  right  across  narrow  tongues  ot  land,  thus 
nearly  separating  them  From  the  main  land  and  forming  a  sort  ol  khal.  tn 
Jaintia  along  the  banks  of  the  river  Surma  the  fissures  in  some  places  arc  15  feet 
deep  and  usually  over  6  feet  deep.  In  some  cases  the  bank  which  was  cracked 
at  the  time  of  the  earthquake  did  not  subside  until  November. 

(*)Thc  outpouring  of  land  seems  to  have  been  common  everywhere  in  the 
vicinity  of  rivers  and  bils.  The  damage  due  to  this  cause  was  not  on  the  whole 
very  great,  though  in  the  Jaintia  Parganahs  near  Kanair  Ghat  in  several 
instances  paddy  was  damaged  by  the  upheaval  of  sand.  The  Subdi visional 
Officer  of  Habiganj  reports  that  the  sand  thus  ejected  has  had  a  fertilising  eflect 
contrary  to  expectation,  and  that  the  bedsof  tanks  have  interstices  in  the  D  harm  a 
pasa  thana  of  Sunamganj.  In  Mouia  Bayangpur,  Parganah  Saibank,  Jaintia,* 
khal  was  foimed  about  |  mile  long  and  was  navigable  for  3  mails  boats'  during 
the  rains.  Tv^o  streams  in  Mouxa  Chikuagul,  Parganah  Panchbhag,  have  changed 
ihetr  course.  In  Mouia  Bugail  Kandi,  Parganah  Dhargam,  the  Piyain  has  left 
its   old  course  and  now  flows  through  Bugail  bil  i  of  a  mile  away  from  its  old 
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Details  of  ohiervations  made  for  the  purpose  of  determining  the 
velocity  of  movement  and  acceleration  oj  wave-partiele  with 
a  discussion  of  the  formula  employed  and  the  results  obtaining. 

In  this  statement  the  values  of  f,  or  acceleration,  is  given  in  feet  per  second 
and  deduced  by  West's  formula. 

The  value  o  is  deduced  from  Prof.  Hanghton's  formula  as  given  in  Mallet's 
account  of  the  Neapolitan  Earthquake  of  1 857. 

In  the  case  of  objects  projected  the  value  is  obtained  by  the  angle  of  prujAtion 
being  taken  at  45°  or  0°  according  to  circumstances.  Where  the  vertical  dilTerence 
of  position  much  exceeds  the  horizontal  the  latter  gives  the  minimum  value, 
where  on  the  other  hand  the  vertical  difference  is  nothing  or  small,  the  former 
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The  first  column  explains  ttaelf.    It  it  a  brief  description  of  the  objisct  utilised 
and  a  reference  to  its  detailed  description. 


og 

Overthrow 

PfOJ«> 

*M 

and  fracture. 

tioo. 

Nature  of  object  and  referince. 

C 

9  0 
•3  **     • 

£^1 

/ 

V 

9 

Dacca- 

OS  w  > 

Top  of  pillar  on  race  course  c=45 

**  p.  291 . 

> 

... 

... 

8-0 

1 

Race  course  pillar,  not  overturned 

p.  318. 

< 

11*2 

5-6 

•  •# 

COMILLA— 

Top  of  temple  projected  t  =o" 

p.  300  • 

> 

.«. 

•  •• 

&g 

Dhubri— 

Telegraph  office  gate  post 

p.  259  . 

> 

«5*2i 

4'i 

•  •• 

Gauripur  Zamindar's  wall 

P-3X7  . 

> 

8-3 

as 

••• 

GOALPARA — 

Municipal  boundary  pillars     . 

p.  317  • 

> 

8-7 

30 

••• 

Pillar  near  cemeter}* 

p.  263  . 

> 

U7 

4-6 

••* 

Ensign  Law's  tomb  €=30** 

p.  262  . 

> 

••• 

•  •• 

10*84 

Gaubati— 

• 

D.  C/s  compound  pillars 

p.  263  . 

> 

I3'i 

4-0 

••• 

Judge's  gate  pillars 

Tel.  signallers  house,  w,  gate  post 

p.  263  . 

< 

io'3 

4*1 

•••  ■ 

1  p.  264  . 

< 

i6'0 

5*3 

••• 

Ditto                           ditto 

p.  264  . 

< 

12-5 

4-6 

•  •• 

Top  of    pillar  in  Civil  Surgeon' 

S 

compound  £=45** 

p.  264  • 

> 

... 

••• 

8-75 

Gate  pillars  W.  of  D.  C/s  com- 

pound    .        •        •        • 

p.  265  . 

> 

12*8 

4'0 

7-0 

•  •• 

Do.             western  gateway 

P.  261;  . 

> 

171 

••• 

Tomb  of  Anna  Louisa  Lamb,  pro-" 

Jected 
M            K.  Beecher,  do. 

p.  265  • 

> 

••• 

••• 

13-6 

P-3I7  . 

> 

.•• 

••• 

6*1 

Marble  cross  broken 

p.  317  . 

> 

lo's 

••• 

••• 

Shillono— 

Ashley  Hall,  western  gate  pillar 

p.  270  . 

> 

15-3 

67 

•  <• 

>•           eastern     do. 

p.  270  . 

> 

117 

4'o 

••• 

Beauchamp  lodge  gate  pillars 
Col.  McGregor's  gate  pillar    . 

p.  270  . 

< 

12*3 

48 

••• 

p.  270  • 

> 

117 

4*3 

••• 

Cylinder  seismometer     •        . 

• 

p.  358. 

> 

24 

lO'O 

••• 
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NaTUM  or  OBJBCT  A 


CmRRAmNJi— 

Inglis'  house  gate  pillars 

„        pillar  on  wall 
Hudson's  houie  gate  pilln's 
Cylindrical  pillar    . 
Do. 

RiMBRAt— 

Stone  projected  1=45"    . 

SriHiT— 

Tomb  of  Ensign  Spooner 
Gate  pillar  near  hospiial 
Church  northern  gate  pillar 
„       southern    do. 

StLCBtR— 

Cylinder  seismometer     . 
Bullet  projecled     . 
Gate  pillar  overturned    . 


P  373  . 
P-  2/3  • 
p.3'8. 
P.»73  ■ 
p.  373  . 


P-358  . 
p.358  . 
p. 318  . 
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Remarks  on  the  formuls  used  and  results  obtainedt 
Taking  the   attempts  to  deduce  the  vdocily  or  acceleration  of  wave-particle 
from  objects  overthrown  by  the  earthquake  in  order  o^  date,  we  have  first  tho 
formula  of   Prof.   Haughton,  published  in   Mallet's  account  of  the  Neapoliun 
earthquake  of  1S57.  ■ 

The  investigation  proceeds  as  follows  and  may  be  given  in   Mr.  Mallet's  own 

"  In  order   to    upset    the    body,  the 
"*  *  horijtontal  velocity  impressed  by  the  shock 

>hateverbe  Ihe  duration   of 'the  latter) 
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**  Let  a  denote  the  distance  (m  feet)  of  this  point  or-  edge  from  the  centre 
of  gravity,  then  the  statical  vork  don§  in  upsetting  the  l>ody,  whose  weight 
isW. 

IF  fl  ( I  —  cos,  f ). 

'*  This  must  equal  the  dynamical  vork  acquired,  which  (as  is  well  known)  is 
equal  to  the  work  stored  up  in  the  cenfre  of  gyration,  or 

H^fl  ( I  —  cos,  ^ )  = 

where  w  is  the  angular  velocity  of  the  body  at  starting,  h  the  radius  of 
gyration,  with  respect  to  the  point  or  arris  on  which  it  turns,  and  g  the  velo- 
city acquired  by  a  falling  body  in  one  second  of  time. 
Equating  these  two  values  of  the  work  done  we  find — 

«'^'=2^o    (I  —  cos,  0) 

but  tay  the  angular  velocity,  is  equal  to  the  statical  couple  applied  divkied  ty 
the  moment  of  inertia,  or 


it 


__    V  a  cos,  ^ 


squaring  and  substituting 


,,.  =  ,^x  ^     X  }—S^f."  (I) 

a  cos,^  ^ 


For  a  pillar  of  rectangular  section 

.1  ^  A* 


*> 


a-  +  i3' 


and    fl  =  I  -y  a  +  /3* 
where  a  is  the  hdght  and  )3  the  side  of  the  base ;    hence 

•*  =  4  ^  X  v-^^^+i:  X  1^^*  (I,) 

For  a  cylindrical  column — 

;t»=    15^  +  i6  a» 
and 


a» 


and  since 

the  equation  (I)  becomes 

_     15  )3^  +  »6« 


9    = 


«2  a»  X  if  ^  a«  i-  /3*  {l^Gos.  ^^    (It) 
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The  detat  in  theory  underlyirg  theae  equations  is  the  supposition  that  the 
impulse  IS  .nstantaneous  it  is  awumed  to  a«  for  an  infinitely  short  time  over  an 
infinitely  ihon  distance. 

The  next  attempt  to  utilise  overturned  pillars  and  columns  as  seismometers 
looked  to  them  as  measures  not  of  the  maximum  velocity,  but  of  the  maximum 
ateeUrahon  o(  the  wave-particle.  This  is  due  to  Mr.  C.  D.  West,  by  wh<»n 
the  argument  is  stated  aa  follows'  :— 

"  Let  the  surface  of  the  earth  at  any  instant  be  undergoing  an  acceleration 
of  velocity  of  /  feet  per  sec.  per  sec.  Let 
M  be  the  mass  of  the  column  (see.  fig.  43) 
resting  on  the  ground,  y  the  height  of  its 
centre  of  gravity,  and  «  its  horizonul 
distance  from  the  edge  round  which  it 
may  be  supposed  to  turn. 

"Then  the  inertia  of  the  column  is 
equivalent  to  a  force 


4 


=  jf/ 


acting  horiiontalty  through  its  centre  of  gravity  ami  tending  to  overturn 
the  ctdumn,  the  overturning  moment  being 
F,  =  Ufy 
"  This  moment  is  opposed  by  the  moment  of  the  weight  of  the  column,  W  *,  and 
therefore  when  the  column  is  on  the  point  of  ovenurnin^ 

W»  =  Fy=MFy  =    —fy- 

'     JL  -  J. 


f^g-. 


(ii) 


"  If  /  exceeds  this  value  the  column   may  go  over,  if  less  the  column  may 

stand." 
This  formula  recognizes  facts  as  they  are  more  than  (1)  and  in    Prof.  Milne's 

ental  investigations   it  gave  results   in   Bomewhat  t 
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But  the  impulse  may  be  assumed  to  be  imparted  at  the  centre  of  percussiun 
P  (fig.  44)  whose  distance  from  the  base  is 

4  (»*+/) 

zy 

that  is  to  say  when 


0  P  ~  O  G  ' 

2  n  being  the  double  amplitude,  or  range  of  motiun  of  the 
edge  A, hence 

=  ^  ^   OP  =^  : 


0  A 

!«(«'  +  y') 


In  (he  same  paper  Prof.  Omori  suggests  that,  where  the 
amplitude  is  greater  than  this  and  tlie  period  a  long  one, 
the  pillar  vill,  during  the  forward  semiphase  of  the  wave, 
acquire  a  velocity  of  movement  equal  to  that  of  the  wave 
particle,  and  on  the  bacitward  semiphase  setting  in,  thii 
velocity  may  be  regarded  as  having  been  suddenly  imparted 
at  the  centre  of  gravity  of  tlie  pillar.  Equaling  this  with  the  work  required  to 
turn  the  pillar  till  the  centre  of  gravity  cornea  over  the  edge  on  which  it  turns,  he 
givec^  for  a  pillar  of  rectangular  section^' 


-J 


B^y»'+y'(i-gM») 


This  formula,  however,  though  different  in  form,  is  identical  with  Prof.  Haughton's 
fortiiula(1, 1}  for  thi  overthrow  of  a  rectangular  pillar. 

Besides  pillars  that  have  been  Overthrown  it  will  be  found  that  others  have 
been  broken  across  but  not  overthrown.  For  determining  the  velocity  of  wave* 
particle  from  this,   only  one  formula  has  been  proposed,  though   its  form  mty 

be  modified.    This  is  the  one  given  by  Mallet—* 

where 

W  is  the  weight  of  the  mass  broken  off 
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h.  The  perpendicular  height  o{  the  centreof  gravity  above  the  base  of  fracture. 
F„  The  coefficient  of  dynamic  cohesion,  or  the  force  upon  the  unii  of  surface 
of  the  material  fractured,  which,  when  suddenly  applied,  is  sufficient  to 
produce  fracture. 
A.  The  area  of  the  fracture  in  such  units- 

b.  The  radius  □[  gyration  of  the  plane  of  frkcture  round  the  edge. 
f3  The  width  of  the  fractured  surface. 

In  practice  the  value  of  F,  cannot  be  directly  determined,  but  as  it  is  taken  as 
half  of  the  breaking  strain  under  a  load  gradually  applied,  which  may  be 
represented  by  F,  the  lortnula  becomes 

V-      -^   -Ld  y    *' 

y  -e  ^  3  w^  r^" 

or  substituting  3  X  for  paadylor  A  to  bring  the  symbols  into  uniformity  with 
previous  (ormu!se 

V/=2yAw 
where  «  is  tie  weight  per  unit  volume. 


Where  1.  is  Ihe  modulus  of  cohesion,  or  length  of  a  column  whose  weight  is 
just  sufficient  to  cause  fracture, 

It  must  be  noticed  that  this  C  is  not  « or  the  maximum  velocity  of  wave- 
particle,  but  the  velocity  which  if  luddenly  applied  would  cause  fracture  or, 
in  other  words  the  acetUralion,  hence  we  may  write  the  formula 

For  a  wall  or  rectangular  column 


.  -  ^-1 (V) 
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There  is  yfit  another  means  of  determining  v  or  the  maximum  velocity  of 
movement  of  wave-particle,  and  that  is  by  means  of  bodies  which  have  been 
projected  through  the  air  by  the  earthquake.  If  we  knew  the  exact  angle 
at  which  they  started  on  their  course  it  would  be  easy  to  calculate  the  velocity 
with  which  they  started  from  the  equation 

t;  ^  =   

2  co^  s(6  +  fl  tan,  e) 

where  a  and  b  are  the  horizontal  and  vertical  distances  through  which  the  centre 
of  gravity  has  moved  (the  latter  downwards)  and  €  the  angle  with  the  horizon  at 
which  it  was  projected  upwards. 

In  practice  =  cannot  be  determined,  and  the  only  course  to  pursue  is  to 
adopt  a  value  which  will  give  a  minimum  value  for  v.  Where  b  is  very  small  as 
compared  with  a,  t  may  be  taken  as  45°  and  the  equation  becomes 

which  becomes,  when  b  is  nothing,  as  in  the  case  of  projection  on  level  ground, 

V'  "=■  a  g 

Where  b  is  much  greater  than  a,  or  the  drop  is  much  greater  than  the  horizontal 
distance  travelled,  then  <  may  be  taken  as  0°,  that  is  to  say,  the  projection  is 
horizontal,  and  the  formula  becomes 

(.  =  0^)  v=  ^^  (V  2) 

Of  these  formulae,  that  for  deducing  the  acceleration  from  fracture  has 
not  been  used,  except  in  the  case  of  the  marble  cross  in  the  Gauhati  cemetery. 
In  the  case  of  the  broken  tombstones  and  Khasia  monuments  it  could  not  be 
applied  owing  to  the  impossibility  of  determining  value  of  either  F  or  L,  nor  would 
it  have  been  any  use  to  test  the  strength  of  pieces  of  stone  taken  from  the 
monuments,  as  the  irregularity  of  the  weathering  the  stone  has  undergone  would 
make  it  impossible  to  assert  more  than  that,  whatever  the  breaking  strain  of  the 
piece  tested,  that  of  the  stone  on  the  fractured  surface  would  almost  certainly  be 
different.  Similarly  the  irregularity  and  general  badness  of  the  brickwork 
in  Assam  rendered  it  useless  to  attempt  to  determine  the  breaking  strain,  as  the 
strength  along   different  joints,  in  the  same  pillar,  obviously  varied  very  much. 

Generally  speaking,  it  seemed  as  if  the  strength  was  such  that  the  acceleration 
required  to  produce  fracture  was  about  the  same  as  that  required  for  overthrow, 
for,  of  the  cases  where  one  of  two  similar  pillars  were  overthrown  and  the  other 
not,  there  were  about  an  equal  number  where  the  standing  pillar  was  cracked 
across  and  where  it  was  uninjured. 

Referring  to  the  tabular  statement  at  the  head  of  this  appendix  it  will  be  seen 
that  the  values  obtained  for  the  acceleration  are  fairly  concordant  on  the  whole. 
As  exceptions  must  be  noticed  the  cylinder    seismometer  at   Shillong,  the  tomb 
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oF  Ensign  Spooner  at  Sylhet,  and  the  gate  pillar*  of  the  Church  at  the  same 
place.  In  the  case  of  tuch  rery  squat  pillar*,  or  overthrown  portions  of  pillars, 
OS  these,  it  is  probable  that  overthrow  is  not  due  to  high  horizonial  acceleration, 
but  to  a  large  vertical  eomponent  of  the  motion.  They  must  in  fact  be  looked 
upon  as  modified  cases  of  projection,  and  it  may  be  doubted  whether  the  formula 
can  be  depended  on  in  those  cases  where  the  proportions  of  the  object  overthrown 
are  such  as  to  give  acceleruions  of  over  about  12  feet  per  sec.  per  sec. 

It  will  be  seen  that  at  Gauhatj  these  are  a  number  oF  cases  of  overthrow  giving 
values  of/ ranging  up  to  i;  ft.  per  sec.  per  sec.  Excluding  the  high  values 
as  suggested  in  the  last  paragraph,  we  get  an  average  acceleration  of  about 
13  IL  per  sec.  per  sec,  while  the  objects  projected  by  the  earthquake  (excluding 
the  tomb  of  Mrs.  Lamb,  where  the  projected  pillar  seems  to  have  rolled  after 
touching  the  ground),  we  have  a  velocity  wave  particle  of  from  fi  ft.  to  8J  ft. 
per  sec 

If  the  motion  ol  the  wave-partide  was  a  simple  harmonic  one,  as  it  would  be  in  a 
purely  elastic  wave,  and  as  it  has  generally  been  supposed  that  it  may  be  assumed 
to  have  been,  without  any  material  error,  in  the  case  of  an  earthquake,  it  would 
be  possible  to  calculate,  from  these  data,  both  the  amplitude  and  period  of  the  wave 
motion.<  Bat  if  we  attempt  to  combine  the  acceleration  and  velocity  deduced 
we  obtain  a  wave  period  of  about  4  seconds,  and  an  amplitude  of  about  4  feet, 
both  results  which  are  preposterously   impossible. 

The  difficulty  is  somewhat  diminished,  though  not  removed,  if  we  remember 
that  thfl  tabulated  values  of  the  maximum  acceleration  are  those  of  the  horizontal 
component  only,  and  that  the  tact  of  stones  having  been  projected  upwards  shows 
that  the  vertical  component  of  the  acceleration  must  have  been  greater  than  that 
of  gravity.  Taking  it  as  only  equal,  that  is  at  33  ft.  per  sec  per  sec.,  and  the 
horisontal  component  as  1 3  ft.  per  sec  per  sec.  we  get  the  resultant  total  acceler- 
ation as  at  least  34  ft.  per  sec  per  sec.  Combining  this  with  a  maximum  velocity 
of  8  ft.  per  sec  we  find  that,  on  the  sup|H»ilion  that  this  velocity  and  acceleration 
were  due  to  a  purely  elastic  vibratkn,  the  amplitude  would  have  been  about  2  ft* 
and  the  period  i|  sec,  while  if  the  maximum  velocity  was  only  6  ft.  per  sec,  the 
amplitude  would  be  1  ft.  and  the  period  I  sec 

Here  there  is  nothing  to  find  fault  with  in  the  deduced  period  of  the  wave,  but 
the  amplitudes,  involving  a  total  range  d  motion  of  4  feet  and  2  feet,  respectively, 
are  far  beyond  what  there  is  any  reason  to  believe  took  place;  and  it  must  be 
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The  difficulty  is  far  greater  when  we  consider  the  case  of  the  projected  stones 
irear  Rambrai.  Taking  the  maximum  velocity  at  i6  ft.  per  sec.  and  the  ampli- 
tude as  I  foot,  which  may  be  regarded  as  certainly  in  excess  of  the  amplitude  of 
the  wave  motion,  we  obtain  the  incredible  result  that  the  maximum  acceleration 
was  256  feet  per  sec.  per  sec.  In  other  words  the  violence  of  the  shock  was  equi* 
valent  to  that  of  sudden  arrest  after  a  fall  from  a  height  of  1024  feet.  Even  if  we 
take  the  impossible  amplitude  of  2  feet,  involving  a  backward  and  forward  move- 
ment of  double  this,  or  4  feet,  the  acceleration  is  only  reduced  to  128  feet  per  sec. 
per  sec.  or  equivalent  to  sudden  arrest  after  a  fall  of  256  feet. 

It  must  be  clearly  understood  that,  if  the  movement  was  due  to  elastic  vibra- 
tions or  to  a  wave  motion  even  approximately  simulating  such,  there  can  be  no 
mistake  in  these  figures.  The  stone  was  projected  through  the  air  a  distance  of 
8^  ft,  horizontally  and  to  enable  it  to  traverse  this  distance  the  initial  velocity  must 
have  been  at  least  16J  ft.  per  sec,  and  if  the  direction  in  which  it  was  projected  was 
at  an  angle  much  greater, or  much  less,  than  45°  to  the  horizontal  the  velocity  must 
have  been  even  greater. 

Knowing  the  maximum  velocity  cti  wave  particle,  and  the  amplitude  of  the 
wave  motion,  the  maximum  acceleration  can  be  infallibly  calculated  ;  but  wc  have 
seen  that  even  assuming  an  impossibly  great  amplitude  we  obtain  an  incredible 
acceleration.  Where  then  is  the  error  ?  Evidently  in  the  assumption  that  the 
high  velocities  determined  were  those  of  wave  motion. 


") 


The  results  of  the  revision  of  the  great  triangulation  in  the  Khasi  hills  show 
that  there  have  been  considerable  changes,  both  horizontal  and  vertical,  in 
the  positions  of  the  stations  ;  yet  the  chain  of  triangles  lay  near  the  outskirts  of 
the  epicentral  tract,  where  displacements  might  be  expected  to  be  at  their  mini- 
mum. The  observations  recorded  in  Chapter  IX  show  that  there  have  been 
differential  movements  approaching  40  feet  in  vertical  height  in  parts  of  the 
epicentral  tract,  and  it  is  conceivable  that  in  places  the  actual  changes  in  height 
and  position  have  been  far  beyond  those  which  have  been  measured  as  yet.  This 
being  so  we  would  have,  in  the  epicentral  tract,  bodily  displacement  of  the  ground, 
apart  from  true  wave  motion,  which  would  probably  take  place  by  a  series  of 
jerks,  but  might  have  been  a  simple  andlsingle  movement. 

To  take  the  case  of  Rambrai,  if  we  assume  that  there  was  a  permanent 
displacement  of  the  ground  of  only  16  feet,  and  that  the  movement  was  approxi- 
mately harmonic  in  its  character,  i.e.,  beginning  slowly,  gradually  increasing  in 
rapidity  and  then  gradually  dying  out,  then  the  required  velocity  of  16  feet  per 
sec.  would  only  involve  a  maximum  ac:eleration  of  32  feet  per  sec.  per  sec.  That 
the  acceleration  was  at  least  this  much  we  know  from  the  fact  that,  in  order  to 
account  for  the  projection  of  this  block  of  stone,  the  vertical  acceleration  muit 
have  been  at  least  32  feet  per  sec.  per  sec.  and  the  maximum  acceleration  in  the 
ground  consequently  greater  than  this. 

From  this  it  will  be  seen  that  the  high  velocities  of  movement  which  were  de- 
veloped in  the  epicentral  tract  cannot  be  ascribed  to  the  wave  molion  proper,  set 
up  by  the  earthquake,  but  must  be  attributed  to  those  bodily  displacements  in  the 
earth's  crust  which  were  the  primary   cause  of  the   earthquake.     In   other   words, 
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there  wpre,  within  the  epicentral  tract,  greet  movements  of  permanent  displace- 
ment, superadded  to  the  molecular  vibratory  movementol  the  more  or  less  purely 
elastic  waves  set  up  by  the  earthquake ;  and  it  is  to  the  former  of  these,  rather 
than  to  the  latter,  that  high  velocities  of  projection  within  the  epicentral  tract 
must  be  attributed. 


•    Appendix  D. 

Detat'U  0/ the  direction  of  overthrow  and  projection  of  free  fall- 
ing objects,  and  a  consideration  of  the  applicability  of  this  form 
of  evidence  to  the  determination  of  the  position  of  the  epicentre. 

In  the  following  list  are  given  all  the  casei  that  have  been  observed  of  objects 
projected  or  overlhrown.  In  the  case  of  objects  overthrown  by  the  earthquake 
only  those  whose  direction  of  fall  was  not  largely  controlled  by  their  form  have 
been  included.  Such  may  be  designated  as  "  free- falling,"  and  are  almost  exclu- 
eively  square  or  round  pillars  or  pinnacles ;  objects  having  an  oblong  section  with 
one  axis  much  longer  than  the  other  have  been  excluded,  as  they  were  not  free  to 

fall  in  anyl direction,  but   must  necessarily  fall   more  or  less  at  right  angles  to 

their  longer  a 
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Nature  or  object  and  rbferbncb. 


KucH  Bihar — 
Marble  vase  in  Palace  •         •        • 

Clock  Tower       .        •         • 
Urn  on  turret  of  Superintendent's  house 
Gate-post  of  Superintendent's  house 
Watcn  Tower  «         •         .         • 

Minaret  of  mosque      *         •         .        • 

BUXA    DUARS— 

Prevailing  direction  .         . 

GOBARDANGA — 

Turret  on. Zemindar*s  house  •         • 


Faridpur — 

Bottles  overturned 

Dacca — 

Pillar  by  Race  course 
Nazir's  Mutt       , 

Maimansingh— 
Hindu  temple 


Dbubri— 


HUBRI— 

Tel^aph  Office  gate  pillar 
Gate  pillars  •        •        • 

Gate  oillar  ... 


Gate  pillar 
Oo. 


GOALPARA — 

Tubs  •         • 

Tomb  of  Ensign  Law 
Pillar  near  cemetery 
Boundary  pillar  No.  i 
Do.  2 

Do.  3 

Do.  4 

Do.  5 


» 


Gauhati — 

Deputy  Commissioner's  Bungalow  pillars 

Do.  •         .         •         •         • 

Telegraph  Signaller's  quarters  .         • 

T(  p  of  pillar  in  Civil  Surgeon's  Compound 
Compound,  west  of    Deputy  Commissioner's 
bungalow        .  •         •         •         • 


2    A   2 


Overthrow 
projection. 


p.  288 
p.  288 
p. 288  . 
p. 288  . 
p.  283  , 
p. 288  . 


p. 288  . 


p.  315  . 


P-3I7  • 


p,  290  . 
p.  291  . 


p.  293  . 

P-  259  . 
p.  260  • 

P-3I7  • 
p.317  . 


p.  262 
p.  262 
p.  263 

P-3I7 
p.  317 
P-3I7 
P-3I7 
P-317 


p.  263  . 
p.  263  . 
p.  264  . 
p. 264  . 

p.  265 


O 
O 
P 

o 
o 
o 


o 


o 


o 


P 
o 


o 
o 
o 
o 


p 
p 
o 
o 
o 
o 
o 
o 


o 
o 
o 

p 


Aiimnth. 


xio 
loS 
no 

I02| 

108 
298 


138 


205 


29 


335 


4» 


40 
a 

355 
145 


357 
355 

X20 

5© 

a73 

63 

295 

S35 


140 
too 

145 
20a 
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Orerthrow 

NATuai  or  objbct  una  RiruEifCB. 

Azimuth. 

projection. 

GADBATr— conW. 

bungalow               , 

.         .        p.  265  . 

0 

290 

Do. 

.        p.  265 

0 

3^5 

»' 

Do. 

p.  26s  . 

0 

270 

Do. 

p.  265  • 

0 

100 

Do. 

p.  265  . 

0 

0 

Do. 

.        p. 265  . 

0 

340 

Tomb  ot  G.  T.  Bayfield 

p. 265  . 

0 

160 

„            F.  Gomea 

.      p.2rt5- 

0 

155 

Cylindrical  tombs 

.    p. 263 

p 

3>5 

Do. 

.        .        p.265. 

0 

2'5 

Miss  Lamb 

p.  355  . 

p 

180 

Loki  Rani's  house,  gale  pillar 
Gate  pillar  near  Telegraph  Club    . 

P-3'7  ■ 

0 

Go 

P3'7  • 

0 

167 

Do. 

P-317' 

0 

140 

Monument  to  Robert  Beecher        . 

P-3"7  ■ 

p 

165 

Cbbatak— 

Gate  Pillar  ot  Monument  to   Lteutena 

nt  H.l     p.  2.8. 

.;  p.3'8. 

0 

T.  Bird 

0 

180 

SHtLLONO- 

Gate  pillars           .... 

p.  370 . 

0 

180 

Ashley  Hall  gate  post 

p.  270  ■ 

0 

Do 

p.  270 . 

0 

180 

Coionel  Magregor's  gate  post      . 

p. 270  . 

0 

3SO 

Other  gale  pillars 

.    p.270  . 

0 

1 75 

p.  270  - 

0 

205 

Do!            .         '.        '.        I 

p.  270 . 

0 

180 

Cbbfrafuiiji— 

Iiiglis' house  gale  pillars      . 

p. 37a  • 

0 

300 

Do.                          ... 

p.  272 . 

0 

'35 

Gate  pillar  .                 ... 

p. 273  • 

0 

50 

n        „      Bungalow  on  East  road 

.        p.3'8. 

0 

357 

Do.       . 

p.3'8. 

0 

^^M 
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Gate  pillar  near  Government  School      , 

„  „    Oepuly  Commissioner's  bongalo' 

Tomb  in  cemetery  .... 

„      of  Ensign  Spooner      .... 

Brick  pillar 

Square  column  .  ,  .  ,  . 

Gate  pillar,  N:>v   Hospital 

„  ,  Church 
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Vertical  boiler 


Do. 


In  ihe  early  dayi  of  the  modern  development  ol  seismology,  great  importance 
was  attached  to  the  direction  of  overthrow  of  free  falling  objects,  as  a  maans  of 
determining  the  position  of  the  epicentre  and  hence  oF  the  focus.  This  method  was 
employed  by  Mr.  R,  Mallet,  in  the  case  of  the  Neapolitan  earthquake  of  1857  , 
with  a  concordance  in  the  intersection  of  the  lines  of  direction  obtained,  lo 
consptcuousas  to  give  great  support  to  the  supposition  on  which  the  method  was 
ba«ed.  In  the  case  of  subsequent  earthquakes,  however,  the  method  has  not  been 
found  so  successful,  and  with  the  growth  of  a  more  accurate  knowledge  of  tha 
true  nature  of  earthquake  motion,  as  derived  from  the  labours  of  the  band  of 
workers  in  Japan  who  hava  practically  revolutionised  seismologyi  the  nithod  has 
become  discredited. 

It  was  found  that  instead  of  being  a  wmple  to  and  fro  motion,  the  notion  of 
the  wave  particle  was  extremely  complicated,  and  that,  in  the  case  ofmoderats 
earthquakes,  the  maximum  movement  was  by  no  means  always  or  eveiwuiually 
in  the  direction  of  the  propagation  of  the  earthquake  wave,  but  might  be  at  any 
angle  with  it.  Assuming  that  the  same  held  good  of  more  violent  earthquakes 
it  was  evident  that  the  direction  of  overthrow  would  only  exceptionally  be  that 
of  the  propagation  of  the  earthquake  wave,  and  would  consequently  generally 
point  in  any  direction  except  that  of  the  seismic  vertical. 

Against  this  there  has  always  stood  the  case  of  the  Neapolitan  earthqiiakfl 
where  the  direction  of  overthrow  in  the  vast  majority  of  cases  pointed  to  tha 
epicentre,  and  tt  has  long  seemed  to  the  writer  that  the  assumption,  that  tha 
nature  of  the  movement  in  violent  and  in  moderate  earthquakes  was  similar,  went 
too  far.  It  is  conceivable  that,  within  the  limits  where  the  shock  has  still  powar  to 
causethe  overthrow  of  gate  pillars,  etc.,  the  one  or  two  vibrations,  whii:h  alone bava 
this  power,  should  be  directly  or  nearly  directly  outwards  from  the  centre^  whttt 
further  away  this  relationship  might  c<;ase  to  hold  good. 

An  examination  of  the  tabulated  directions  of  overthrow  and  projection  lenda 
some  support  to  this  supposition.  At  places  like  Shillong,  which  were  within  tba 
limits  of  the  epicentre,  or,  like  Gauhati,  which  were  close  to  it,  there  is  no  uniformi^ 
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in  the  direction  of  overthrow.  At  a  greater  distance  from  the  epicentre  and 
where  it  has  come  to  subtend  but  a  small  angle,  it  is  to  be  remarked  that  the* 
directions  of  overthrow  almost  all  point  towards  it. 

From  this  it  would  seem  that  the  method  of  determining  the  epicentre  by 
means  of  the  direction  of  overthrow  of  free-fallirg  objecis  is  one  that  may  be 
depended  on,  when  other  means  fail.  Certain  obvious  precautions  must  be  taken. 
The  objects  whose  direction  of  overthrow  is  taken  must  be  of  such  a  shape  that 
they  have  no  greatly  prevalent  tendency  to  fall  in  one  direction  rather  than  another 
and  they  must  have  been  overthrown  cleanly.  If  the  surface  of  fracture  shows 
great  crushing  at  the  edges,  indicating  that  the  pillar  has  rocked  to  and  fro  before 
falling,  it  should  not  be  utilised,  as  the  final  direction  of  overthrow  is  almost  cer- 
tain not  to  be  that  in  which  it  was  first  set  rocking.  Another  precaution  lobe 
observed  is  that  the  observations  must  be  suflicienttj  numerous,  and  the  inter- 
sections lie  pretty  close  together.  This  is  necessary  for,  though  it  is  certain  that  in 
some  earthquakes  the  greatest  and  most  violent  motion  is  directly  in  Ihe  line  of 
propagation  of  the  earthquake  wave,  it  is  possible  that  in  others  the  reverse  may 
be  the  case,  and,  if  so,  the  directions  of  overthrow  will  not,  if  produced,  intersect  at 
or  near  the  right  point. 


Appendix  E. 

Details  of  the  records  of  the  Seismometers  at  Skitlong  and 
Silekar. 

In  iSSa    seismometers  of  Mallet's  cylinder  pattern   nere  set  up  in  Shillorg 

and  Silchar.    Each  consists  of  a  set  of  cylinders  12  inches    in  height  and  of  the 
following  diameters  :'- 

No.  o        1*             No.    3          375'            No.     6  7-o" 

'      »    I        rs"          ..4          S'o"             -        7  So" 

«    a        as*          „        S          6-o"              „        8  90' 

The  corresponding  accelerations  in  ft.  per  sec.  per  sec.  required  for  overthrow 
are!— 

No.  o        37            No.    3        too             No.      6  188 
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occurred  sufficiently  violent  to  overthrow  some  of  the  cylinders.   For  the  subsequent 

records  I  am  indebted   to  Surgeon-Lieutenant-Colonel    R.   Neil  Campbell,  Civil 

Surgeon  of  Shillbng. 

i2th  June         .    S-15  P.M. 

9  cylinders  fell,  south-south-east  to  north-north-east. 
I6th  June  •    during  nig^ht,  time  not  noted. 

1  cylinder  fell,  south-west  to  north-east. 
19th  June         .    5-15  P.M. 

3  cylinders  fell,  south-west  to  north-west. 
Ditto  •  10-30  P.M. 

2  cylinders  fell,  south-west  to  north-east. 
•    during  night,  time  not  noted. 

1  cylinder  fell,  north-west  to  south-east. 
12th  July          .    8-35  P.M. 

2  cylindsrs  fell,  west-north-west  to  east-south-east. 
2nd  August       .    9-30  P.M. 

3  cylinders  fell,  Nos.  o  and  2,  west  to  east. 

No.  I  south-south-west  to  east-north-east. 

The  shock  of  5-15  p.m.  on  19th  June  is  a  remarkable  one  as,  in  spite  of  its 
severity,  it  seems  to  have  been  local ;  it  was  felt  at  Tura  and,  apparently,  in 
Gauhati,  but  elsewhere  1  have  not  been  able  to  identify  it  in  the   records  received. 

Silchar. — Here  2  cylinders  were  overthrown,  No.  o  to  N  4°  E,  No.  I 
to  N  4^°  E  ;  of  the  spheres  the  one  in  the  north-east  corner  was  thrown  4  inches 
to  E  10°  S  ;  the  south-east  corner,  8J  inches  to  S  47'  W  ;  the  south-west  corner 
3J  inches  to  S  69°  W ;  while  the  bullet  in  the  north-west  corner  was  not  dis- 
placed. 

No  subsequent  shock  affected  the  seismometer  at  Silchar. 

These  details  were  communicated  by  Surgeon- Lieutenant-Colonel  S,  Borah, 
Civil  Surgeon. 


Appendix  F. 

Details  of  the  special  observatiofis  vtade  by  the  Telegraph  Depart- 

menty  referred  to  in  chapter  X. 

These  details  are  extracted  from  the  reports  of  the  telegraph  masters  who  were 
instructed    to  observe  the   intervals  of  time  between  the  arrival  of  shocks  at  one 
station  and  its  neighbouring   ones,     The    name   of  the   station   in    italics  is  that 
of  the  reporting  one  and  what  follows  an  abstract  of  the  report  :— 
September  27th      12-29      Shillongf    severe  ;   ftlt  at  Sylhet    simultaneously,  but 

very  slightly. 
21-38       Shillongy  severe  and  prrlonged  ;  felt  by  Gauhati  simul- 
taneously, very  severely. 
„         30th      19-46      Shillong,     severe;   felt    by  Gauhati   about    i    minute 

before  us. 
October       3rd  7-0      Gauhati,   Goalpara    and    Dhubri,  felt  a  severe  shock 

not  noticed  at  Shillong. 

(  359  ) 


360  OLDHAM:  GREAT  EARTHQUAKE  OF  1897, 

Ociober        5th        9-55      Skillong,  two  slight  shocks  follow^  by  a  very  severe 
one ;  [elt  aevtrdy  at  the  same  time  by  Gauhati. 
•.  6lh        4-1        Shillong,  severe ;  felt  by  Gauhati  at  th»  same  time, 

n  7th       ii)-22      Shillong,  severe ;  felt  slightly  by  Gauhati  at  the  same 

time. 
„  <ith        1-7        Shillong,  very  severe;  felt  at  Gauhati  severely,  simul- 

taneously, not  noticed  by  Sylhet.  Dhubri,  reports  the 
same  shock,  message  sent  to  Gauhati  and  noreply 
for  30s. ;  (this  appears  to  be  due  to  a  delay  in  reply- 
ing and  not  to  a  true  interval  o(  30s.  between  the 
shock  being  felt  at  Dhubri  and  Gauhati). 
„  iiih       I3-4S      Shillong,  smarti  felt  at  the  same  time  by  Gauhati 

slightly;  not  noticed  by  Sylhet. 
„  13th      14-44.      Shillong,  \*ry  severe;  felt  by  Gauhati  as.    after  us, 

whence  it  was  reported  as 'smart';  not  noticed  by 
Sylhet. 
„  lith        8-ig      i'ftr'f/unf,  severe  1  felt  by  Gauhati  93.  before  us ;  Gau< 

hati  reports  it  as  '  severe.* 
u  i8th      iJ-35       Shillong,  severe  ;  felt  by  Gauhati  as.  «fter  us,  'very 

severe';  by  Sylhet  synultaneously  but  slight;  original 
signal  sent  from  Sylhet,    Dhubri  reports  the  same 
shock,  a  signal  sent  to  Gauhati  was  replied  to  imme- 
diately. 
,,  2ist      13-46      5Ai7/o«j',  severe  i  felt  3s.  or  4s.  after  Gauhati  t  not  felt 

by  Sylhet. 
„  3!ind       9-37      Shillong,  severe ;  felt  at  same  lime  with  Gauhati. 

15-32      ^AiVionf,  severe  ;  felt  by  Gauhati  and  Sylhetat  s.-ime 
time;    Gauhati   sent  original   signal  ;  Margaldai  felt 
the  shock  at  Ihe  same  lime. 
„  25th        5-4?      Shilloirg,  sVight,  felt  by  Gauhati   same  time,  not  felt 

by  Sylhet;    Gauhati,  lasted  60s.  original  signal  re> 
ceived   from   Shillong,   time  taken  for  earthquake   to 
reach  Gauhati  one  minute  from  lime  of  original  signal. 
„  27th       12-31       ShUlong,  a   Blight    shock  followed  by  a  smart  one  ;    felt 

by  Gauhati  in  the  same  way,  but  5s.  after  us  ;  nut  felt 
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November  15th 
17th 


»f 


26th 
December  17th 


4-50 
20*17 

9-50 
17-42 


Skill ongf  severe  ;  felt  los.  after  Gauhati. 

Shillong,  very  severe,  felt  by  Gauhati  and  Sylhet  at 

the  same  time. 
Shillong,  severe,  felt  by  us  about  2s.  after  Gauhati. 

Gauhati,  felt  3s.  before  Shillong. 


Appendix  G. 

Details  and  Discussion  of  the  results  of  the  Revisionary  Triangu* 
lation  of  the  Khasi  Hills^  carried  out  by  the  Great  Trigono* 
metrical  Survey  in  the  season  iS^Z-gS. 

The  accumulation  of  independent  evidence,  from  many  witnesses  and  widely 
separated  places,  all  pointing  to  the  fact  that  the  earthquake  had  been  accotn- 
panted  by  noticeable  changes  in  the  relative  heights  of  peaks  in  the  Khasi  and  Garo 
Hills,  led  the  Government  of  Assam  and  the  Director  of  the  Geological  Survey 
almost  simultaneously  to  represent  to  the  Government  of  India  the  desirability 
of  testing  the  accuracy  of  these  statements  by  a  revision  of  the  triang^ation 
of  the  hills.  The  representations  met  with  a  favourable  reception;  It  was 
decided  that  retriangulation  should  be  taken  in  hand  during  the  cold  weather 
of  1897,  and  as  much  done  as  was  compatible  with  the  other  calls  on  the  staff  of  the 
Great  Trigonometrical  Survey.  In  pursuance  of  this  decision,  a  programme  of 
work  to  be  done  was  drawn  up  by  Major  S.  G.  Burrard,  R.E.,  Officiating  Super* 
intendent  of  Trigonometrical  Surveys,  in  consultation  with  myself. 

At  the  outset  it  became  evident  that  what  was  desirable  was  not  possible,  owing 
to  the  calls  on  the  Trigonometrical  Survey  due  to  the  total  solar  eclipse,  and  to  the 
regular  work  wV  tch  could  not  be  interrupted.  Only  one  observer  could  be  deputed 
for  the  revisionary  triangulation,  and  the  only  instrument  available,  though  an  ex* 
cellent  one,  was  not  of  the  power  considered  necessary  for  primary  triangulation. 
In  these  circumstances  a  compromise  was  made  between  what  was  desirable  and 
what  was  possible,  and  the  decision  come  to  was  to  reobserve  certain  triangles  in 
the  Khasi  hills,  and,  if  time  allowed,  certain  others  in  the  western  Garo  Hills.  This 
latter  part  of  the  programme  it  was  not  possible  to  carry  out,  and  the  triangles 
actually  observed  \iere  those  represented  on  Plate  XLIII. 

In  coming  to  this  decision  it  was  recognised  that  a  triangulation  so  much  in  the 
air,  and  unconnected  with  any  points  which  could  with  any  degree  of  certainty  be 
regarded  as  undisturbed,  would  give  no  information  as  to  absolute  displacements, 
whether  vertical  or  horizontal.  All  that  was  looked  for  was  a  discovery  of  whether 
there  had  been  any  relative  displacements  of  the  trigonometrical  stations ;  if  none 
such  were  found,  it  would  be  certain  that  no  general  displacement,  which  would 
be  detected,  had  taken  place.  With  such  an  object  in  view  it  was  obviously  ne- 
cessary that  the  triangles  selected  for  reobservation  should  be  situated  where  there 
was  the  greatest  inherent  probability  of  their  having  undergone  distortion.  At  the 
time  the  decision  was  come  to,  the  exploration  of  the  epicentral  region,  described  In 
Chapter  IX,  had  not  been  commenced,  and  we  were  still  under  the  impression  that 
the  focus  most  probably  lay  under  the  southern  part  of  the  Khasi  Hills. 
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Another  principle  that  was  accepted  as  a  guiding  one,  was  that  there  was  no 
use  in  reobserving  what  are  known  as  Tower  Stations ;  that  is  stations  where,  in  the 
absence  of  natural  elevations,  brick  towers  had  been  built  on  the  atluvium,  from 
which  to  observe.  If  retriangulation  was  necessary  for  geodetic  purposes,  all  these 
stations  would  require  reRxing,  for  within  the  area  over  which  earth  fissures  were 
formed,  it  would  be  impossible  to  assume  that  any  oE  them  had  not  been  disturbed 
by  displacements  of  the  alluvium  on  which  they  rested,  and  this  quite  independent 
of  any  change  or  absence  of  change  in  the  underlying  rock, 

A  group  of  triangles  extending  northwards  from  the  southern  margin  of  the 
Khasi  Hills  was  accordingly  selected,  and  as  there  happened  to  be  an  isolated  hill 
in  the  Sylhet  plain,  Taramun  Tila,  which  had  been  selected  as  one  of  the  points 
the  original  primary  triangulation,  it  was  decided  to  include  this. 

These  preliminaries  having  lieen  arranged  the  work  was  taken  in  hand  by 
Mr.  J.  Bond,  Extra  Assistant  Superintendent,  and  the  results  have  been  embodied 
in  a  report  by  Major  Burrard,  from  which  the  fallowing  tabular  statements  of  the 
ctianges  observed  are  taken. 

Changes  in  length  of  sides. 


Side. 

iSea  value. 

1S9S  value. 

Difference. 

Feet. 

Feet. 

Feet. 

Taiamua  Tila— Mope n 

gO'oi'S 

99"*-3 

+  4-8 

Mopcn— Rangsanobo     . 

qSolS'l 

5S0IS-D 

+  4-9 

Ra  ngsanobo— Than  j  i  n  at  h 

6043. -3 

604247 

+  3-4 

Mopen-Mos!ngi    . 

6s3«-6 

6S344-6 

o-o 

14' 5 3-5 

54154-3 

+1-3 

6;S9l-7 

67893-i» 

+ya 

47384-1 

47884-0 

—0-1 

Mosingi-Mun         .         . 

S+Sgj.j 

S,S37-6 

+4-4 

^^H 
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Changes  in  heights  of  Statiajis. 


Station. 


Taramun  Tila 

Mopen   • 

Rangsanobo   . 
~-Thanjinath     • 

Mosingi 
-  Mun       •        • 
--Laidera  • 

Alautlicrrichan 

Dinghei 

Landau  Modo 

Umter    •         , 


Station. 


i860  value. 


144 

•  •  • 

mtoj  4,440 

20 

6,180 

6,288 

6,067 

5,160 

3,3^^7 


i8(jS  value. 


150 
2,577 

•  •  • 

4>443 

5,798 
6,214 

6,1 86 

6,312 

6,074 

5*^77 
3,670 


Displacement  of  Stations, 


Latitude. 


Amount.  !  Direction. 


Ft. 

2 
6 
o 

4 
2 

1 

8 

9 
7 


N 
N 

... 
N 
N 
N 
N 
N 
N 


Longitude. 


Amount. 


Direction. 


Ft. 

5 

2 

3 
o 
o 
5 
4 
7 
8 


VV 

E 

W 


W 
VV 
VV 
VV 


Total. 


Amount. 


Ft. 

5 

6 

3 
4 

2 

5 

9 
12 

II 


Direction. 


NW 

N 

W 

N 

N 

VV 

NW 

NW 

NW 


The  figures  in  these   tables  refer   only  to  the  principal  stations  ;  besides   them 
I  am  indebted  to  Mr.  Bond  for   the  following   information  regarding  the  displace- 
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ments  of  other  stations,  wtych  seems  worth  publication,  though  the  data  were  less 
complete  and  the  calculations  less  rigorous  than  in  the  case  of  those  printed  in 
Major  Buirard's  report. 


Changes  in  height  and  position  of  Secondary  Stations. 


Altbratioh  in 


Ft.  Directioo. 


Snait 
Rabkng  . 
Sbillong  , 
Somullon  - 
Ltitbli  . 
Mairtng  . 
Kollons  Rock 


A  cursory  Inspection  oE  these  tables  shows  that  there  have  been  differential 
movements  of  the  stations,  with  respect  to  each  other,  which  are  too  large  and  too 
irregular  to  allow  of  their  being  attributed  to  errors  of  observation.  The  tabulated 
displacements  appear  also,  at  first  sight,  to  indicate  that  there  has  been  a  general 
elevation  and  extension  of  the  hills,  such  as  might  follow  on  a  bulging  upwards 
of  the  surface  due  to  the  intrusion  of  a  large  mass  of  molten  matter  underground. 
A  more  detailed  examination,  as  will  be  shown,  does  not  bear  out  this  conclusion. 
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For  the  results  Ubulated  above  the  side  Rangsanobo— Taramun  Tila  was 
adopted  as  the  initial  base  for  the  triangulation,  and  the  height  of 
Rangsanobo  as  the  initial  height,  Mr.  Oldham  being  of  opinion  that 
these  southerly  stations  are  least  likely  to  have  been  affected." 

On  which  I  need  only  remark  that  I  am  still  of  the  same  opinion,  but  consider 
that  it  should  have  led  to  the  adoption  of  Taramun  Tila  rather  than  Rangsanobo 
as  the  starting  point  to  which  changes  of  elevation  should  be  referred. 

I  had  suggested  that,  as  compression  in  a  north-south  direction  was  to  be 
expected,  while  compression  in  an  east-west  direction  was  less  likely  to  be  met 
with,  the  assumed  fixed  base  should  be  a  side  of  a  triangle  bearing  about  east  and 
west.  In  the  final  calculations  the  side  Rangsanobo-Taramun  Tila  was  adopted 
as  the  base,  but  whether  from  a  desire  to  adopt  a  base  of  which  one  extremity 
might  be  considered  as  unchanged,  or  for  convenience  of  calculation,  or  because 
it  gives  the  smallest  amount  of  general  displacement,  there  is  nothing  to  show. 
What  now  remains  to  be  investigated  is  the  probability  of  any  change  having 
taken  place  in  the  length  of  this  side,  and  the  effects  such  change  would  have  on 
the  deduced  values  of  other  stations. 

Taramun  Tila  is  a  small  hill  of  tertiary  beds,  rising  out  of  the  Sylhet  plain 
near  Chhatak.  It  lies  outside  what  I  believe  to  be  the  limits  of  the  epifocal 
area  and,  as  it  is  a  hill  station,  is  not  liable  to  the  displacement  which  would 
probably  have  affected  a  station  built  on  the  alluvium  in  this  neighbourhood. 
The  position  and  height  of  Taramun  Tila  may  consequently  be  regarded,  with 
considerable  probability,  as  unaltered. 

Rangsanobo,  on  the  other  hand,  lies  near  the  southern  edge  of  the  Khasi  Hills, 
and  apparently  within  the  limits  of  the  epifocal  area.  In  this  case  a  displacement 
is  probable,  and  this  would  probably  be  such  as  to  cause  a  shortening  of  the 
distance  between  it  and  Taramun  Tila.  Consequently  it  is  probable  that  the 
present  length  of  this  side  is  shorter  than  of  old. 

'1  he  effect  of  this  shortening  would  be  to  increase  the  apparent  lengfth  of  all 
other  sides,  for,  the  base  being  assumed  to  be  greater  than  it  really  is,  this  would 
lead  to  the  other  sides  being  calculated  as  larger  than  their  true  lengfth,  in  a 
corresponding  degree.  Moreover,  as  the  error  would  be  cumulative  it  would  lead 
to  just  such  a  stretching  out  of  the  ground  as  seems  to  be  indicated  by  the 
tabulated  results. 

The  supposition  that  the  apparent  stretching  of  the  hills  is  really  due  to  the 
adoption  of  too  high  a  value  of  the  initial  base,  is  confirmed  on  a  more  detailed 
examination  of  the  tabulated  changes. 

It  will  be  noticed  that  the  sides  Mopen — Rangsanobo— Thanjinath,  which  run 
nearly  east  and  west,  have  apparently  lengthened  4*9  feet  and  3*4  feet,  respectively. 
Connecting  these  three  stations  with  Mosingi  and  Mun,  we  have  four  sides  with  a 
considerable  amount  of  northerly  departure  in  them.  Of  these  one  appears  to 
have  shortened  i  foot,  another  is  unchanged,  and  the  remaining  two  have 
lengthened  2*3  and  3*2  feet,  respectively.  Here  the  increased  length  which  should 
have  been   found  if   the   shape  of   the   triangles  had  been  unaltered,  is  greatly 
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diminished  or  has  disappeared;  this  may  be  altributed  lo  a  compression  of  the 
hills  in  a  meridional  direction,  for  the  next  east-west  side,  that  joinin|f  Mosingi 
lo  Mun, again  shows  an  extension  of  4*4  feet.  North  of  Mostngi  and  Mauther- 
Hchan  the  sides  again  exhibit  a  marked  diminution  of  Ihe  apparent  expansion,  but 
the  distance  between  Mautherrichan  and  Laidera  has  increased  39  feet,  In  a 
W.  by  N.  direction.  Beyond  this  the  changes  gel  very  irregular,  and  it  is. 
impossible  to  say  how  far  they  may  be  due  to  change  in  the  assumed  6xed  base. 

The  inclusion  pointed  to  in  the  last  two  paragraphs  comes  out  still  more- 
clearly  when  the  table  showing  the  displacements  of  the  stations  is  examined. 
In  this,  as  in  all  the  other  lists,  1  have  arranged  the  stations  in  order  from  south 
to  north,  arranging  those  which  are  on  nearly  the  same  parallel  in  order  from 
west  to  east.  It  will  be  seen  from  this  that  the  apparent  displacements  of  the 
three  stations  on  the  south  of  the  Khasi  hills  indicate  an  extension  of  5  and 
6  feet  on  either  side  of  the  starting  point,  Rangsanobo.  Northwards  of  these,  the 
displacements  decrease  in  a  marked  manner  till  we  reach  Mautherrichan  and 
Dinghd,  to  the  north  of  which  they  increase  conspicuously. 

The  true  explanation  of  these  facts  I  take  to  be,  that  the  assumed  value  of  the^ 
base  Rangsanobo — Taramun  Tila  was  in  excess  of  the  real  value.  This  led  to  an 
apparent  increase  in  all  other  sides  which,  so  far  as  the  calculations  go,  would  be 
cumulative  and  lead  to  an  apparent  expansion  of  the  whole  chain  of  triangles- 
Northwards  of  Rangsanobo,  however,  this  apparent  expansion  was  masked  by 
an  actual  compression  of  the  country  as  a  whole,  a  compression  which  was  noti 
however,  sufficient  to  reverse  the  apparent  effect  of  the  change  in  the  base  line. 
Northwards  of  Mautherrichan  and  Dinghei  the  compression  appears  to  die  out 
and  the  cumulative  effect  of  the  error  of  Ihe  original  base  becomes  conspicuous 
once  more. 

Another  point  to  notice  is  that  a  distinct  increase  in  the  compression  is 
suggested  as  we  go  southwards.  Towards  the  northern  limit  of  the  triangulation 
its  effect  is  small.  Between  the  latitudes  of  Mosingt  and  Mautherrichan  it  becomes 
more  noticeable,  and  still  more  so  between  Mosingi — Mun  and  the  three  southern 
stations;  the  com precsion  here  being  in  two  cases  sufficient  to  completely  counteract 
the  apparent  expansion.  It  is  by  no  means  impossible  that  the  compression  was 
greater  still  further  south,  and  reached  its  maximum  at  the  southern  limit  of  the 
Khasi  hills,  so  that  the  assumed  unchanged  base  may  have  really  suffered  a 
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In  considering  the  changes  in  the  heights  of  the  stations  it  must  be  remembered 
that  the  same  dependence  cannot  be  placed  upon  them  as  on  the  positions,  refrac- 
tion being  much  more  liable  to  introduce  errors  into  vertical  angles  than  in  hori- 
zontal angles.  The  changes,  it  will  be  observed,  are,  as  a  rule,  small,  but  so  far 
as  they  go  seem  to  indicate  a  slight  general  upheaval  of  the  hills.  Even  this 
must,  however,  be  regarded  as  doubtful.  The  starting  point  was  Rangsanobo. 
which  was  assumed  unchanged,  and  calculating  from  it,  Taramun  Tila  was  found 
to  have  risen  6  feet.  As  has  been  explained  the  inherent  probability  is  more  in 
favour  of  this  station  having  remained  unaltered  in  height  than  Rangsanobo,  and 
if  this  was  so,  then,  assuming  the  results  can  be  depended  on,  the  tabulated 
heights  of  all  other  stations  would  have  to  be  reduced  by  6  feet  and  as  a  result  the 
height  of  the  Khasi  hills  would  remain  practically  unchanged,  or  even  diminished.* 
As  already  mentioned  no  great  weight  can  be  attached  to  these  observations, 
but  it  is  evident  that  over  the  area  covered  by  the  triangulation  there  has  been  no 
marked  alterations  in  the  general  height  of  the  hills. 

There  are  two  stations,  however,  which  form  marked  exceptions  to  this  general 
rule ;  Mautherrichan,  with  a  rise  of  24  feet,  and  Landau  Modo  with  a  rise  of  17 
feet.  These  amounts  may  be  regarded  as  in  excess  of  the  possible  errors  of  ob- 
servation, and  it  may  be  taken  that  these  peaks  have  risen  by  noteworthy  amounts, 
even  though  the  tabulated  values  may  not  be  exact  to  a  few  feet. 

If  we  look  to  the  situation  of  these  two  peaks  the  explanation  of  the  exceptional 
local  elevation  becomes  clear.  Both  of  them  are  situated  on  the  crest  of  conspicuous 
fault  scarps,  of  the  type  described  in  Chapter  IX,  and  Landau  Modo  is  close  to  two 
of  the  pools  formed  by  distortion  of  the  surface,  details  of  which  will  be  found  in 
the  same  chapter.* 

If  we  turn  to  the  changes  in  the  heights  of  the  secondary  stations  we  find  the 
same  thing  repeated.  The  only  two  that  seem  to  have  undergone  any  conspicuous 
change  in  height  are  the  Mairang  and  Kollong  rock  stations,  both  situated  near  the 
edge  of  fault  scarps.  With  the  exact  position  of  Laitbli,  which  has  risen  9  ft., 
I  am  unacquainted,  but  from  its  position  it  also  is  probably  on  or  near  the  edge  of 
one  of  these  fault  scarps. 

These  facts  regarding  the  distribution  of  changes  in  the  elevation  of  the  hills 
afford  a  strong  confirmation  of  the  description  of  the  structure  of  the  Khasi 
and  Garo  hills  given  in  Chapter  IX,  and  of  the  explanation  given  of  the  nature 
of  the  focus  and  the  cause  of  the  earthquake  given  in  Chapter  X,  but  were  not 
available  in  time  for  incorporation  in  those  chapters. 

Though  the  explanation  given  above  of  the  nature  and  cause  of  the  displace- 
ments that  were  observed  is  that  which  must  be  regarded  as  most  probable,  it 
must  not  be  forgotten  that  a  different  explanation  is  conceivable.  The  known  facts 
of  structural  geology  show  that  certain  regions  have  been  subject  to  direct  eleva- 
tion which,  so  far  as  the  surface  rocks  are  concerned,  is  not  due  to  the  indirect 
effects  of  compression.     Besides  mountains  of  compression,  of  which  the  Alps  and 

1  The  effect  of  errors  in  the  calculated  length  of  the  sides,  due  to  an  error  in  the  assumed 
length  of  the  initial  base,  may  be  neglected. 
*  See   p. 156. 
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Himalayas  are  the  leading  types  there  are  mountains  o(  faulting,  the  '  Schollen- 
gebirge' of  German,  and  '  block  mount^ni '  of  American,  geologists.  In  these 
the  rdief  is  directly  due  to  movements  along  the  Tnes  of  faulting  by  wi.ich  the 
rocks  aretraversed,and  the  principal  crests  and  steepest  slopes,  though  modified 
by  subsequent  denudation,  follow  and  are  due  to  these  lines  of  fault. 

In  the  case  of  hills  of  this  type,  their  elevation  far  from  having  been  due  to  com- 
pression, has  been  accompanied  by  an  actual  extension  of  the  ground  they  cover. 
The  faults  are  vertical  or  normal  and  the  horizontal  distance  between  two  points 
on  either  side  of  the  fault,  is  greater  after,  than  it  nas  before,  the  elevation.  The 
mechanism  of  the  formation  of  these  mounia'ns  of  faulting  is  not  very  easy  to 
undM-stand  i  it  may  be  that  the  faulting  and  stretching  are  confined  to  the  upper 
layers  of  rock  and  are  indirect  results  of  a  compression,  and  consequent  thickening' 
of  the  more  deep  seated  layers,  through  the  small  depth  at  which  the  level  of  no 
strain  is  placed  makes  this  supposidon  difficult  of  acceptance.  A  more  probable 
-  explanation  is  that  over  certain  areas  the  upper  layers  are  protected  from  that 
compresson  which  is  thdr  general  fate,  and  follow  the  movements  of  the  rocks 
below  the  level  of  no  strain,  which  are  being  stretched.  The  tension  thus  set  up  in 
therocksabove  the  level  of  no  strain  would  cause  them  to  be  split  by  vertical  or 
highly  inclined  fractures,  and  the  horiiontal  extension  would  be  taken  up  by  sub- 
sidence along  these. 

Whatever  may  be  the  explanation,  the  facts  are  undoubted,  and  it  is  concdv- 
able,  though  with  difficulty,  that  in  such  a  region  tensional  strains  might  be  set  up 
of  sufficient  greatness  to  give  rise  to  a  severe  earthquake  by  their  sudden  relief. 
The  Assam  range  presents  the  superficial  features  of  a  region  of  mountains  of  the 
character  just  considered,  and  it  may  be  that  the  explanation  of  the  fault  scarps 
is  not  that  offered  in  Ch^ter  X.  Possibly  the  elevation  of  the  range  was  accom- 
panied by  extension  and  not  by  compression,  and  in  that  case  the  apparent  ex- 
tension, exhibited  by  the  results  of  the  retrtangulation,  would  be  in  accordance  with 
what  should  be  expected.  The  small  changes,  exhibited  by  the  soulhem  triangles 
would  be  explained  by  the  absence  i.f  fault  scarps  in  that  region,  while  the  great 
changes  ol  horixontal  distance,  as  well  as  of  elevation,  in  the  northern  triangles 
would  be  explained  by  the  number  of  fault  scarps  seen  in  the  region  they  cover. 

If  this  explanation  is  adopted  it  would  cause  no  change  in  the  conclusions 
stated  in  Chapter  X  as  to  the  portion,  the  complexity  or  the  extent  of  the  seismic 
focusregarded  as  a  whole,  but  the   assumed   thrust  plane  or   planes,  uniting  the 
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Though  the  possibility  of  a  different  explanation  to  that   adopted  in  the  text^ 
before  the  receipt  of  the  results  of  the  retriangulation,  has  been  indicated,  it  must  be 
pointed  out  that  though  possible  it  is,  so  far  as  present  information  goes,  much  the- 
less  probable  of  the  two.     In  the  first  place,  even  if   it   be   granted  that  tensional 
strains  might  be  set  up  in  the  earth's  crust  of  sufficient  magnitude  to  give  rise  to  a 
severe  earthquake  by   their   sudden  relief,  it  is  almost  impossible  to   understand 
how  their  relief  could  give   rise  to   such  an   extensive   and   complicated   series   of 
fractures  as  would  have  to  be  inferred  in  the  case  of   the  1897  earthquake.     Then 
the  rapid  variations  in  throw  of  the  great  Chedrang  fault  are  more  in  accordance  with 
what  would  be  anticipated  if  it  had  \yeen  accompanied,  or  caused,  by  compression* 
in  a  north  and  south   di'rection,   than  if   it   had  been  the  result  of  direct  elevation. 
The  nature   too  of   the    observed   displacements  of   the    trigonometrical    survey 
stations  bears  out  this  supposition,  that  is   to  say  the  smallness  of  the    apparent 
extension  of  the  sides  which  run  more  or  less  north  and  south,  as  compared  with-^ 
those  that  run  more  or  less  east  and  west,  is,  as  has  been  shown,  explicable  on  the 
supposition  of  a  general  compression  of  this  tract  in  a  N — S  direction.  If  there  had 
been  a  real  extension  this  should  have  been  mainly  north  and  south,  seeing  that  the 
general  run  of   the  fault  scarps  is  about  east   and    west,  and  that  the  stretching  of 
the  tract,  if  there  is  any,  would  be  at  right   angles  to  this  or    more  or  less  north 
and  south.   The  shape  of  the  epifocal  area  points  to  the  same  conclusion,  its  length 
from   E  to  W  being  greater  than  from  N  to  S,  it  follows  that  the  displacements  ta 
which  the  earthquake  was  due  would  be  greater,  on  the  whole,  from  north  to  south 
than  from  east  to  west,  and  this  whether  they   were  the   result   of  compression  or 
extension.    The  apparent  displacements  of  the  trigonometrical  stations,  if  real  and 
due  to  a  general  expansion  of  the  hills,  would  necessitate  this  expansion  being 
greater  from  east  to  west  than  from  north  to  south  ;  consequently  this  hypothesis  i» 
not  in   accord  with  either  the  general  structure,  or  the  form  of  the  focal  area  p 
it  has  already  been   shown  that  both   are  in   accordance  with    the  alternative 
hypothesis  of  a  general,  though  not  uniform,  compression  in  a  more  or  less  north 
and  south  direction. 

It  will  be  seen  from  this  that  the  explanation  of  the  cause  of  the  earthquake 
given  in  the  text  remains  the  most  probable  one,  but  that  there  is  the  possibility 
of  another  explanation.  The  final  establishment  of  one  or  other  hypothesis  win 
depend  on  the  extension  of  a  retriangulation  of  these  hills  from  a  base  known  to 
have  been  unaffected  by  the  earthquake. 

The  triangulation  carried  out  during  the  season  of  1897-9S  has  fulfilled  all  that 
could  be  expected  of  it.  It  has  shown  beyond  doubt  that  there  have  been  consider- 
able displacements,  both  vertical  and  horizontal,  of  the  hills  within  the  epifocal 
area,  but  as  it  could  not  be  founded  on  any  origin  which  was  urchanged  by  the 
earthquake,  it  can  give  no  final  measurement  of  the  amount   of  these  changes. 

The  facts  established  by  the  triangulation  already  carried  out  and  the  uncer- 
tainty as  to  the  exact  nature  of  the  changes  that  have  taken  place  make  it  more 
desirable  that  the  work  should  be  completed,  and  in  view  of  the  possibility  of 
this  it  may  be  wtll  to  point  out  what  is  desirable, 
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It  so  happens  that  the  chains  of  triangles  of  the  great  triangutation  are 
»ngularly  favourably  utuated  for  a  measurement  ol  the  displacements  that  have 
taken  place.  At  the  western  end  of  the  epifocal  area  a  chain  of  triangles  along  the 
90°  meridian  skirts  the  edge  of  the  Garo  hills  and,  so  far  as  they  extend,  is  b»sed 
on  hill  stations.  On  the  gj"  meridian  another  chain  of  triangles,  that  which 
was  partly  reobserved  in  lS97>g8,  runs  right  across  the  Khasi  hills.  At  right 
angles  to  these  two,  a  chain  of  triangles  runs  up  the  Brahmaputra  valley,  and  in  the 
stretch  between  (he  two  meridional  chains,  the  stations  are  almost  all  situated  on 
rocky  hills  rising  out  of  the  alluvium. 

A  relrianguiation  should  start  on  the  93°  meridian,  in  the  country  south  of 
theSylhet  valley.  Any  triangle  here,  whose  three  angles  are  all  based  on.hill 
staiiona,  would  probably  be  found  to  be  undisturbed,  and  might  be  taken  as  a 
starting  point.  Should  it  be  found  to  have  suffered  distortion,  which  is  highly  im- 
probable, the  observations  would  have  to  be  carried  backwards,  away  from  the 
KhasL  hills,  till  an  undistorted  triangle  was  found,  any  of  whose  sides  might 
safely  be  taken  as  an  initial  base. 

Starting  from  this,  triangulation  should  be  carried  northward,  till  the  transverse 
chain  of  triangles  in  the  Brahmaputra  valley  was  met.  Here  the  work  would 
turn  westward  and  continue  down  the  Brahmaputra  valley  to  Dhubri,  and  in  this 
part  the  greatest  displacements  are  to  be  looked  for.  From  Dhubri  the  triangles 
of  the  series  on  the  90°  meridian  should  be  reobserved  as  far  south  as  they  are 
based  on  hill  staiions. 

To  complete  the  work  it  would  be  well  to  carry  a  chain  of  triangles  from  the 
neighbourhood  of  Tnra  to  that  of  Cherrapunji,  thus  linking  the  two  meridional 
series  and  forming  a  quadrilateral  within  the  epifocal  area.  These  triangles 
should  be  based  on  peaks  Rxed  by  the  triangulation  of  the  topographical  survey,  a 
triangulation  which  falls  far  short  of  Ihat  of  the  great  trigonometrical  survey  in 
rigourand  accuracy,  hut  being  connected  with  it  on  all  sides  the  maximum  error 
would  fall  far  short  of  the  displacements  that  are  to  be  looked  for  in  this  tract. 

The  only  previous  occasion  on  which  displacements  connected  with  an  earth- 
quake have  been  actually  measured  is,  so  far  as  I  know,  that  of  the  earthquake 
of  t7th  May  1892  in  Sumatra.*  The  principal  triangulation  was  then  in  progress 
and  after  the  earthquake  it  was  found  that  the  angles  observed  would  not 
correspond  with  these  observed  before  the  earthquake.    Certain  ol  the  triangles 
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exceeded  Jft.  With  about  the  samfe  length  of  triangles  we  have  in  the  case  of  the 
t897  shock  a  maximum  displacement  calculated  at  12ft.  As  has  been  explained* 
there  is  some  uncertainty  about  the  basis  of  this  calculation,  and  if  the  explanation 
offered  above  is  the  true  one,  this  figure  requires  modification,  but  whether  the 
maximum  displacement  would  be  in  excess  or  defect  of  it,  cannot  be  decided  in  the 
absence  of  detailed  calculations.  In  any  case  it  seems  certain  that  the  amount 
must  have  been  considerably  in  excess  of  5ft.,  and  it  must  be  further  borne  in 
mind  that  this  triangulation  lies  near  the  limit  of  the  epifocal  area,  and  far  removed 
from  the  part  where  displacements  were  at  their  maximum. 


Appendix  H. 

A  Review  of  the  extent  of  the  Lisbon  Earthquake  of  1st  November 
^755i  ^^  compared  with  that  of  the  Great  Earthquake  of  lath 
June  i8gy. 

In  a  preliminary  note  on  the  earthquake,  written  six  weeks  after  the  event,  I 
referred  to  it  as  *  unsurpassed  by  any  since  the  great  Lisbon  earthquake  of  ist 
November  1755,  and  rivalling  this  in  magnitude  of  the  area  over  which  it  was  felt; 
surpassing  it  indeed,  if  we  exclude  the  doubtful  records  of  the  earlier  shock.* 

This  statement  excited  surprise  and  was  even  called  to  question  in  the  press» 
yet  a  fuller  knowledge  of  the  extent  of  the  earthquake  of  1897  has  borne  it  out. 
The  surprise  was  a  natural  outcome  of  the  very  exaggerated  ideas  of  the  extent 
of  the  Lisbon  earthquake  which  are  to  be  found  repeated  from  one  text  book  to 
another  without  verification.  I  have  thought  it  desirable^  on  this  account,  to 
append  a  short  review  of  what  is  known  of  the  extent  over  which  the  Lisbon  shock 
was  felt. 

To  begin  with,  no  comparison  of  violence  is  possible.  The  data  in  the  case  of 
the  Lisbon  shock  are  altogether  too  imperfect  to  permit  of  this,  nor  is  it  of  import- 
ance in  determinmg  the  relative  magnitude  of  the  two  shocks.  Some  earth- 
quakes, It  is  known,  may,  like  those  of  Ischia,  have  a  great  local  violence  but  very 
small  extent,  yet  it  would  be  absurd  to  speak  of  these  as  of  greater  magnitude 
than  others  which,  though  nowhere  rising  to  the  same  degree  of  violence,  are  felt 
over  a  kingdom  or  two. 

The  only  strictly  scientific  comparison  of  two  shocks  would  be  a  comparison 
of  the  energy  developed  in  each.  This  measurement  is  unfortunately  still  im- 
possible, but  there  is  good  reason  to  suppose  that  is  approximately  proportional  to 
the  area  over  which  they  are  felt.  Any  way  this  is  the  only  possible  means  of 
comparison  in  the  present  state  of  seismoloe:y,  and  as  the  results  it  leads  to  are 
at  any  rate  approximately  true,  it  is  the  one  that  I  have  adopted. 

Before  instituting;  a  comparison  it  is'  necessary  to  have  a  clear  conception  of 
what  is  meant  by  the  area  over  which  the  shock  was  felt.  The  Lisbon  earth- 
quake originated  under  the  sea  and  set  up  large  sea-waves,  to  which  much  of  the 
loss  of  life  in  Lisbon  was  due,  and  these  waves  were  obrerved  everywhere  along 
the  Atlantic  coasts,  even  to  the  Weat  Indies.     Yet  it  would  be  altogether  mislead- 
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ing  to  include,  tor  purposes  of  comparison,  the  whole  of  the  Atlantic  in  the  are* 
over  which  the  shock  was  felt.  The  mode  of  initiation  of  these  great  sea-waves 
is  not  yet  fully  understood ;  they  evidently  arc  only  produced  when  there  is  a 
sudden  displacement  of  a  large  mass  of  tnalerial  on  the  bottom  of  the  sea,  and 
the  most  probable  hypothesis  is  that  this  displacement  is  in  the  form  of  a  sub- 
marine landslip.  It  is  certain  that  there  is  no  direct  connection  between  the 
magnitude  of  the  earthquake  and  the  size  of  the  sea-wave.  Great  eaKhquakes, 
even  when  they  originate  beneath  the  sea,  may  give  rise  to  quite  small  sea-waves* 
on  the  other  hand,  large  and  destructive  sea«wavefi  may  result  from  quite  mode- 
rate earthquakes.  In  either  case  the  wave  once  set  up  will  travel  till  it  reaches 
land,  and  the  area  over  which  it  may  be  observed  is  only  limited  by  the  siie  of  the 

Rejecting  the  sea-wave  as  useless  for  purposes  of  comparison,  we  may  tarn  to  the 
consideration  of  the  area  over  which  the  shock  was  felt  on  dry  land.  Throughout 
Spain  and  Portugal  it  was  felt  with  varying  degrees  of  severity.  In  southern 
France  the  shock  was  distinctly  felt  and  appears  (o  have  been  noticeable  even  in 
Normandy,  but  it  does  not  seem  to  have  been  felt  anywhere  in  England. 

This  statement  may  be  considered  extraordinary  in  face  of  the  often  repeated 
statement  that  the  Lisbon  earthquake  was  distincly  felt  in  the  Derbyshire  mines. 
As  this  appears  to  be  one  of  the  accepted  facts  of  seismology,  its  contradiction 
requires  support,  and  I  consequently  reprint  here,  verbatim,  the  original  authority 
on  which  the  statement  is  based. 

LIX.—An  Account  of  th*  Earihquaie,  ill  Novembtr  j-JSS.  as  feltin  tht  Uad 
Mints  in  Derbyskir,i,  in  a  Litltrfrem  th«  Rntrtnd  Mr.  Bullock  to  Leviis 
CrHsiui,D.D.,F.RS. 

ASHFORD,  MBAR  BaKBWBLL. 

Derbythiri,  3rd  March  iji6. 
Rav.  Six, 

1  here  send  you  an  account  of  the  earthquake  which  happened  at  the  lead 
mineson  Eyam-edge  in  the  peak  of  Derbyshire,  on  Saturday  the  istol  November 
1755,  about  II  o'clock  in  the  forenoon.  I  made  a  itrict  inquiry  at  the  mines,  on 
the  21st  of  February  last,  both  for  my  own  and  your  satisfaction,  and  can  assur« 
you  that  the  circumstances  related  may  safely  be   relied  upon  as  matter  of  fact.     If 
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wras  so  violently  shook,  that  he  imagined  nothing  less  than  the  engine  shaft  was 
run  in  ;  whereupon  he  immediately  went  out  to  see,  and,  contrary  to  his  expecta- 
tion, found  the  shaft  open,  and  all  things  about  the  spot  in  their  proper  order. 

Upon  inquiry,  I  was  informed  by  the   aforesaid   Francis  Mason,  that  in  afield 
about   300    yards  from   the  mines,  there  had  happened   a  chasm  or  cleft  on   the 
surface  of  the  earth,  which  was   supposed  to  be  made  at  the  same    time  he  felt  the 
shock,  for  the    following  reason.    It  lies  close  by  a  road,  which  he  uses  daily  to 
and  from  the  mines  :   in  the  morning  when  he  came,  there  was  nothing  uncommon 
to  be  seen,  but  on  his  return  at  evening  he  observed   a  cleft  about  one  foot  deep 
and  six  inches  in   diameter;  its  continuation    from  one  end  to  the  other  was  near 
150  yards,  being  parallel   to   the  range  of  the  vein    on  the   north  side.     When  I 
examined  it,  which  was   upwards  of  three  months  after   the  shock  happened,  the 
length  of  it  was  not    much  more   than    60   yards,   though  I    could    perceive   some 
vestiges  of  its  further  continuance  :  the  depth  of  it  was  about  eierht  or  nine  inches 
and  its   diameter  four.     As  the   soil  was   very  light,  and  the   season    has   been  re- 
markably wet,  it  is  highly   probable,  that  the  fissure  is  considerably  closed  since  it 
was  first  made.     These  were  the  most  remarkable  circumstances  which  happened 
upon  the  surface  of  the  earth.     Though  my  enquiry  was  of  every  one  in  particular, 
that  was   there  employed  about   the  mine,   the  concurrence  of  whose  testimonies 
might  seem  more  strongly  to  confirm  the  account,  yet  I  look    upon  it  as  unneces- 
sary to  trouble  you    with  every  man's  story,    which  would  be  only  a  repetition  of, 
or  something  similar  to,  what  has  been  before  related. 

William    Hallom,  and  Jo.  Howson,  miners,  say,  that  at  the  aforesaid  time  they 
were  employed  in   carting  or   drawing  along  the  drifts  the  ore  and  other   minerals 
to  be   raised  up  the  shafts.     The  drift,    wherein   they  were  working,  is  about  60 
fathoms,  or  120  yards  deep,  and  the  space  of  it  from  one  end  to  the  other  50  yards 
or   upwards.     Hallom   was  at  the  end  of  the  drift,  had  just  loaded  his  cart,  and 
was  drawing  it  along,  but  was  suddenly  surprised  by  a  shock,  which   so  terrified 
him,  that  he  immediately  quitted  his  employment,  and  ran  to  the  west  end  of  the 
drift  to  his  partner,   who   was   not  less  terrified   than   himself.     They  durst   not 
attempt  to  climb  the  shaft,  lest  that  should  be  running  in  upon  them,  but  consulted 
what  means  to  take  for  their  safety.     Whilst  they  were  thinking  of  some  place  of 
refuge,  they  were  alarmed  by  a  shock  much  more  violent  than   the  former;  which 
put  them  in  such  a  consternation,  that  they  both  ran  precipitately  to  the  other  end 
of  the  drift.     There  was  a  miner  working  at  the  forfield,  or  east  end  of   the  vein 
about  six  fathoms  below  their  level,  who  called  out  to  them,  imagining  they  were  in 
danger  of  being  killed  by  the  shafts  running  in  upon  them  which  he  supposed  was 
the  case  ;  and  told  them  if  by  any  means  they  could  get  down    the  shaft   to   him, 
they  would  be  more  secure,  because  the  cavity  where  he  was   working  was  encom- 
passed with  solid  rock.     They  went  down  the  shaft  to  him,  where,   after  observing 
they   had   neither  of  them  received  any  misfortune,  he  told  them,  that  the  violence 
of  the  second  shock  was  so  great,  that   it  caused   the   rocks   to   grind  one  upon 
another.     His  narration  was  interrupted  by  a   third  shock  ;  and  after  an   interval 
of  about  four  or   five    minutes,   was  succeeded  by  a  fourth  ;  and  about  the  same 
space  of  time   after,   by  a    fifth  ;  none  of   which   were  so   violent   as  the  second. 
They  heard   after  every   shock  a  loud  rumbling  in  the  bowels  of  the  earth,  which 
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continued  for  aboat  half  a  minute,  gradually  dareanng,  or  appearing  at  a  greater 
diftarce.  Tbey  imagined,  that  the  wMc  space  o(  time,  from  the  first  shock  to 
the  latf,  was  about  twenty  minutes ;  and  they  tarried  about  ten  minutes  in  the 
mine  after  the  last  shock  ;  when  they  thought  it  advisable  to  examine  the  passage 
and  to  get  out  of  the  mine,  if  possible.  As  they  went  along  the  dri(t%  they 
observed  that  several  pieces  of  minerals  were  dropped  from  the  sides  and  roaf,  but 
all  the  shafts  remained  entire  without  the  least  discomposure. 

The  space  of  ground  at  the  aforesaid  mines  wherein  it  was  felt,  was  960  yards 
which  was  all  that  wai  at  that  time  in  workmanship.' 

Prom  this  account  it  is  evident  that  we  are  dealing,  not  with  the  Lisbon  earth- 
quake, but  with  an  independent  one  of  local  origin.  Too  much  importance  must 
not  be  attached  to  the  reported  lime,  which  is  an  hour  later  than  that  of  ihe  Lisbon 
shock,  as  it  i«  evidently  only  approximate,  but  the  shock  described  is  a  fairly  severs 
one,  much  severer  than  indicated  by  any  of  the  accounts  of  the  shock  in  or  out  of 
England,  till  we  get  to  the  south>westem  part  of  Prance, 

Besides  Ihe  severity'  of  the  shock  there  is  the  fact  that  it  was'felt  underground 
almost  as  severely  as  at  the  surface.  With  regard  to  earthquakes  generally 
it  seems  well  established  that,  in  the  area  of  propagation,  the  motion  that  can  be 
felt  is  confined  to  the  surface  and,  at  a  very  small  depth  below  ground,  it  ceases  to 
be  felt.  Within  the  area  of  the  epicentre,  however,  or  even  within  that  of  the  earth' 
quake  core,  there  is  no  reason  why  this  should  be  so,  and  the  account  of  what  was 
fdt  In  the  Eyam-edge  mine  points  to  its  being  on  the  direct  path  upwards  from 
the  focus  to  the  surface  ;  a  supposilion  which  is  borne  out  by  the  large  vertical 
component  of  [he  motion  indicated  in  the  overseer's  account. 

The  Derbyshire  earthquake  may  consequently  be  excluded  from  the  accounts  ol 
the  Lisbon  earthquake ;  at  the  most  it  can  only  be  connected  with  the  grealei* 
shock  as  a  sympathetic  earthquake^  and  even  that  is  doubtful. 

With  the  exception  of  the  Derbyshire  earthquake  ail  the  other  accounts  coN 
lected  by  the  Royal  Society,  and  published  in  the  49th  volume  of  its  Philosophical 
Transactions,  relate  merely  to  the  efiects  of  the  sea-waves  alon^r  the  coasts,  or 
oKillations  of  ponds,  canals,  and  even  lakes,  similar  to  those  described  in  Burma,* 
in  the  case  of  the  iSg;  shock.  One  account  alone  mentions  the  earthquake  as 
having  been  felt  near  Reading;  Mr.  PaunceCorth's  gardener  stated  that  he  felt 
a  most  violent  trembling  of  the  earth  for  R ft y  seconds.  All  the  other  accounts 
r  dennitelv  slate  that   no  shock   couid   be   felt,  1 
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felt  there,  was  a  distinct  one.  The  reputed  feeling  of  the  shock  in  Iceland  and 
Greenland,  which  has  always  been  regarded  with  doubt,  may  safely  be  rejected. 

From  this  it  seems  that  the  most  northerly  place  at  which  the  shock  is  reported 
to  have  been  felt  was  Reading,  and  even  this  is  so  doubtful  that  it  may  be  rejected. 

In  an  easterly  direction  it  is  said  to  have  been  felt  in  parts  of  Switzerland,  and 
though  the  accounts  refer  mainly  to  disturbances  of  the  water  of  the  lakes,  there 
seems  good  reason  to  suppose  that  the  shock  was  sensible  in  parts  of  western 
Switzerland.  In  Italy  it  is  said  to  have  been  felt  at  Milan  and  8  leagues  N.  N.  W. 
of  Turin,  but  it  is  not  clear  whether  it  was  actually  felt,  or  only  recognised  by 
its  effect  in  setting  hanging  lamps  aswing.  It  must  be  remembered  too  that  the 
Italian,  besides  being  gifted  with  a  lively  imagination,  is,  by  descent,  a  skilled 
observer  of  earthquakes.  Even  our  earthquake  of  1897  is  said  to  have  been  felt 
in  Italy.*  In  any  case  Milan  and  Turin  can  hardly  be  looked  on  as  part  of  the 
main  area  over  which  the  shock  was  felt,  but  as  an  outlying  area  like  that  round 
Ahmadnagar  in  the  case  of  the  1897  earthquake. 

To  the  south,  it  is  impossible  to  define  the  area  over  which  the  shock  was  felt 
with  any  degree  of  accuracy.  It  was  very  severely  felt  in  the  north-west  corner  of 
Africa.  As  far  south  as  Morocco  a  great  number  of  houses  are  said  to  have  fallen, 
and  one  of  the  hills  near  by  to  have  been  rent  in  two.  This  account  is  almost 
certainly  greatly  exaggerated,  for  at  Funchal,  in  Madeira,  the  shock  was  only 
smart  enough  to  make  windows  rattle. 

To  the  west  we  have  the  Atlantic  ocean,  and  it  is  impossible  to  say  how  far  in 
this  direction  the  shock  might  or  might  not  have  been  felt  had  there  been  dry  land. 

The  position  of  the  epicentre  cannot  be  fixed  with  the  same  accuracy  as  in  the 
case  of  the  1897  shock,  but  the  centre  from  which  the  great  sea-waves  started  was 
fixed  by  David  Milne  at  about  39®  N.  Lat,  11®  W.  Long.'  The  epicentre  of  the 
earthquake  was  not  necessarily  the  same  as  the  centre  from  which  the  sea-waves 
started,  but  the  two  are  not  likely  to  have  been  widely  separated,  and  there  will  be 
no  material  error  in  assuming  the  two  identical. 

Taking  the  epicentre  as  situated  in  the  position  indicated,  we  find  that  Milan  is 
distant  about  1200  miles,  or  practically  the  distance  of  Ahmadnagar  from  the 
epicentre  of  the  1897  shock  ;  and  Reading  about  1000  miles,  against  a  distance  of 
over  900  from  the  epicentre  to  Bezwada,  where  the  1897  shock  was  distinctly  felt. 

From  this  it  would  seem  that  the  distances  from  the  epicentre  at  which  the  two 
shocks  were  felt  were  practically  the  same,  but  as  I  have  explained  above,  the 
accounts   from    Reading   and   Milan,  especially  the   former,   do  not  ap pear  to  be 

*  At  Leghorn  a  tremor  is  said  to  have  been  felt  by  some,  though  not  living  in  upper  stones, 
at  about  12-15.  At  Catania  some  people  are  said  to  have  noticed  it,  but  the  accounts  are 
vague  and  uncertain.  At  Spinea  di  Mestrc  (near  Venice)  an  undulating  shock  of  4  seconds, 
is  said  to  have  been  felt  in  the  Observatory  at  12  h.  18  m.  39  s.  (Boll.  Soc.  Sismol.  Ital.,  Ill,  pt, 
ii,  pp.  251,  28s,  289.)  The  times  are  mid  European,  and  exactly  one  hour  fast  of  Greenwich 
mean  time.  They  correspond  with  that  of  the  first  phase,  and  it  is  possible  that  these  waves, 
of    half-second  period,  were  just  sensible  to  very  skilled  observers,  favourably  situated. 

'  Edin.  new  Phil.  Journ.,  XX.XI,  263  (1841). 
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such  as  can  be  accepted  for  compArison.  If  we  exclude  them,  the  area  over  which 
the  shock  could  have  been  (elt  is  very  much  reduced  ;  a  rough  estimate  which 
I  have  made,  and  nothing  more  is  possible,  places  the  total  area  over  which  the 
shock  would  have  been  felt,  had  it  all  been  dry  land,  as  not  more  than  1,000,000 
square  nules.  A  mmilar  estimate  for  the  1897  shock  gives  about  1,750(000  square 
miles. 

These  estimates  cannot  be  r^arded  as  giving  an  eiact  ratio  of  the  magnitude 
of  the  two  shocks.  Inthecase  of  the  Lisbon  earthquake  the  estimate  must  ne- 
cessarily be  very  ^proximate,  but  it  is  not  probable  that  it  could  be  raised  above 
that  of  the  earthquake  of  1897.  At  any  rate  the  facts  fully  bear  out  Ihe  statement 
that  the  shock  of  1897  rivalled  that  of  1755  in  magnitude,  and  if  the  doubtful 
records  of  the  latter  are  eiduded,  its  magnitude  was  certainly  greater. 

There  is  one  feature  of  the  1755  records  which  might  lead  to  a  diSerent  idea 
and  that  is  the  many  accounts  of  ils  eSect  on  ponds  and  lakes  even  as  far  north  as 
Scotland  and  Denmark,'  as  contrasted  with  the  absence  of  nmilar  accounts  in  the 
case  ot  the  1S97  shock.  This  is,  however,  easy  of  explanation.  In  a  westerly 
direction  the  country  which  would  occupy  the  position  of  England  relative  to  tlie 
area  over  which  the  shock  was  sensible,  is  mostly  desert,  sparsely  inhabited  and 
devoid  of  sheets  ol  water.  To  the  south-westwards,  in  the  Peninsula,  artificial 
ponds  and  lakes  are  not  wanting,  but  there  is  an  absence  of  educated  and  intdli- 
gent  observers.  To  the  east  and  north  the  area  over  which  the  shock  was  felt 
extends  into  country  from  which  no  information  can  be  obtained. 

On  the  other  hand,  when  we  consider  that  the  1755  shock  extended  over  s 
populous  and  civilised  country,  that  it  attracted  universal  attention,  and  that  all 
the  leading  scientific  societies  and  academies  of  western  Europe  set  themselves  to 
collect  information  r^arding  it,  and  when  we  consider  how  comparatively  few  and 
imperfect  were  the  observations  collected,  even  as  rq^ards  this  one  point  of  the 
disturbance  of  water  in  ponds,  it  is  not  surprising  that  in  the  case  of  the  1897 
shock  they  are  altc^etber  wanting. 

That  similar  oscillations  of  water  in  tanks  took  place  I  do  not  doubt ;  we  have 
accounts  of  them  within  the  area  over  which  the  shock  was  felt,  and  besides  those 
mentioned  in  the  text  I  received  numerous  accounts  of  disturbances  of  water  in 
wells  having  been  noticed.  There  are,  besides,  two  separate  accounts,  showing 
that,  outside  the  area  over  which  the  shock  was  (elt,  the  undulation  of  the  ground 
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Appendix  I. 

Bibliography  of  the  Earthquake. 

So  great  an  earthquake  has  naturally  given  rise  to  a  large  volume  of  literature 
not  only  in  the  shape  of  notices  in  the  daily  newspapers,  but  also  in  scientific 
magazines.  Nearly  all  of  these  are,  however,  written  at  second  hand,  and,  so  far 
as  I  know,  the  following  list  comprises  all  that  can  be  quoted  as  original  author- 
ities : — 

1.  Thos.   Heath;  An  Edinburgh  Record  of  the  Indian  Earthquake:  Nature, 

LVI,  174(1897)- 

A  letter  to  Nature,  giving  a  brief  account,  and  an  illustration  on  a  reduced  scale« 
of  the  record  of  the  earthquake  by  the  bi filar  pendulum  at  Edinburgh.  A  letter 
to  the  same  effect  was  published  in  the  Calcutta  Englishman  of  6th  July  i897# 
Both  may  be  regarded  as  superseded  by  No.  8. 

2.  T.  D.  LaTouche.     The    Calcutta  Earthquake;  Nature,  LVI,  273'274. 
This  is  a  brief  account  of  the  earthquake  and  its  effects  in  Calcutta,  written 

very  shortly  after  the  occurrence. 

3.  The  Calcutta  Earthquake  :  Nature,  LVI,  346  (1897), 

A  short  notice,  and  reproduction  of  part  of  the  record  of  the  horizontal  pendu- 
lum instrument  at  the  Royal  Geodynamic  Observatory  of  the  Rocca  di  Papa. 

4.  T.  D.  LaTouche:  The   late  Earthquake   in     India:  Nature,   LVI,  444-44 

(1897). 

An  extract  from  a  private  letter  describing  the  effects  of  the  earthquake  in 
Assam.  It  expresses  the  idea,  natural  at  first,  but  which  had  afterwards  to  be 
abandoned,  that  the  origin  of  the  earthquake  was  connected  with  the  great  uni« 
clinal  fold  or  flexure  which  bounds  the  southern  edge  of  the  Assam  hills. 

5.  J.  Milne:  The  Recent  Australian  and  Indian  earthquakes;  Symon^ 
Monthly  Meteorological  Magaaitte,  XXXII,  92-931 1897. 

Contains  a  statement  of  the  times  at  which  the  effects  of  the  earthquake  were 
registered  at  Edinburgh,  Shide  I.  W.,  Strassburg  and  Grenoble. 

6.  T.  Moureaux  :  Bulletin  du  Bureau  central ;  quoted   in    Cosmos,   VI,  652 

(1897). 

Records  an  interruption  of  the  traces  of  the  magnetographs  in  the  observatory 
of  Pare  St.  Maur,     I  have  not  been  able  to  refer  to  the  original. 

7.  R.  D.  Oldham  :  The  Earthquake  of  12th  June :  Records  of  the  Geological 
Survey  of  India,  XXX,  132-134  (1897). 

A  brief  preliminary  notice,  written  about  a  month  after  the  earthquake,  giving 
some  of  the  more  striking  facts  concerning  it. 

8.  M.  Baratta  :  II  grande  terremoto  Indianodel  12  giugno  1897:  BolUiino 
della  Soeteta  geogrnJicQ  ItalianOy  3rd  series,  X,  i — 8,  and  i  plate  (1897) 

An  account  and  illustration  of  the  records  of  the  earthquake  on  the  micro- 
seismographs  of  the  University  of  Padua,  designed  and  controlled  by  Prof.  G, 
Vicentinu 
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1  Heatb:  Note  on  the  Ca^^U  EwJ-:;iake  June  lUh,  iSj;'  U 
Tearded  be  the  Bifilar  pcndnlaa  at  the  Edacorg'b  R.ta:  Ot-se-rat  jtj  :  Pr.-- 
eudirngs  tf  tkt  Ro^ai  S»ct^  ^ EJiaturgk,  li^T.  *i!— «sY  ::  Pia;es. 

As  accoart  and  n^nidactiK  ol  tfae  nctrd  U  tbe  eanfcqcak=  or  -.ne  >.suTiment 
nfared  to  ia  tbe  tide. 

10.  S.  A.  V.  Moos :  A  iliart   Note  (m  tbe  diftttrt-ux  d  t>«  Ma^nelical  and 
'^Mcuoroiocka]  Inttmnotfs  M  tfae  CaUba   Obscrruin   dcr.n^  tbe  EAnbqoake  cf 

|3tfa  Jvne  1S97:  UagMititml»md MtU»T^tgU*i  oiurxsiticitt  mtdt »:  :kt   Garxru- 
mtmt  Obi*rratarf,  Swmbmf.  1696 .-  Appoidii  A,  pp- ti]~l7l'     Boecbay,  iS^J 
Tins  paper  >s  ftOv  AOtioed  in  Chapter  XI. 

11.  F.  Omori  :  A  ptrinmnary  Bote  on  the  ln£aa  Eartbqnake  oi  Jnne  1  >th, 
1S97-    tmJism  Dmly  Nrmt,  tyA  October  1S97. 

A  nevspaper  utide  by  Prof.  Umcrj,  siitteD  aits  tis  toor  throngb  Assam  and 
BcHgaL  He  t*'*"^**  tbe  depth  at  the  focm  at  zo  mils,  aa  estimate  appar^ntly 
baaed  on  the  ^>pOHDon  that  the  focus  vas  oi  coBparatiTclv  small  bcrixontal 
cstent,  and  oa  the  avaoied  small  nnmbs'  of  afiosbocks.  As  has  been  shown 
the  natBTC  and  form  of  tlie  focns  was  so  (fifiereot  turn  ihu  af  the  Japanese  Earth- 
qoake  of  1891,  that  the  analogy  doa  not  hold  good. 

12.  Report  on  tbe  Eanhqoake  of  12th  June  1897,  so  tar  as  it  afieoed  the  Pro- 

Tbe  oficia]  report  o(  the  Government  of  Assam,  signed  by  Mr.  E.  .A.'  Gait, 
Officiating  Seoctary  to  tbe  Chief  Commissioner  of  Assam,  pp.  (and  72,  issued  as  a 
•eparate  report,  reptinted  from  the  Anam  Gastite, 

13.  A.  Cancanj :  I  pendoU  orizzontali  <id  R.  O^aervatorio  geodinamico  di 
Rocca  di  Papa,  ed  il  tetremoto  Indiano  dd  la  giugno  1S97;  BelUttHo  de  l^ 
Steifti  SitmoUgiea  Il^iama,  III,  pt.  i,  135-240,  and  i  Plate  (1S97). 

A  deKription  of  the  records  of  tbe  instruments  referred  to  in  the  title.  The 
Plate  is  a  reproduction  of  tbe  same  diagram  as  is  represented  on  Rate  X  LI  of 
tbi*  memoir. 

14.  Report  on  the  Ejuthqaake  of  iMh  June  1897  in  Bengal. 

The  official  report  of  the  Got-emment  of  Bengal  signed  by  Mr.  C.  W,  Bolton, 
Cfnef  Secretary.    Calcutta  Gamttt*  Supplement,  5ih  June  1893. 

15.  H  •  LuUman-Johnson  :  The  Earthquake  in  Assam  j  Jcurnal  of  llu  Society 
^Arts.  XL VI,  473-493  O898). 
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(Places  of  minor  importance  whose  position  is  sufficiently    indicated                   V 

by  the  context  have  not  been  indexed.)                                              1 

ULN. 

Long.  E. 

?«!:•■                                   ■ 

Abu,  Mb 

14°   36 

72°    45 

■ 

AgkrUk 

n"    50 

0'°    »3 

^H 

*si* 

iff      S 

90°    S7 

^1 

Ahatguri 

aff'    <& 

93°    57 

^H 

*'i'* 

s;"    .0 

?&''      5 

^1 

23°      J 

72°    3S' 

^H 

Akhama 

>3"    5» 

91°    16- 

^^^B 

Akyab            .         .                   ... 

«.•      7 

9a°    SC 

^H 

Atgnada        

■S"     40 

w'  17' 

^H 

Alipur,  part  ol  Calcutta       . 

-M 

^ 

Alipur  Da«B 

26-    30 

89-    3S 

Allahibad 

2S'    aO 

8i'    SS 

36,44.65.7I.74>  igd-                                 J 

Allan  nijo 

.9°     2> 

95'    17 

^J 

Anand 

»°    32 

73'       ' 

^^^H 

Arbda 

=5°    34 

90*    34 

^^^1 

Atiabari 

H*    33 

go*    47 

^m 

Alrai 

24'    iS 

8</      2 

^^^^1 

Arimganj 

!*■       14 

S8°     iS 

3T3.                                               ^^H 

«'*^«"i 

as'   4" 

89'      6 

^^^^^1 

Badafpuf 

24*    33 

92'    37 

^H 

Bidraghal 

20"    46 

89'    41 

323-                         ^^^^^1 

B«li"la 

ai*    20' 

es*    43' 

-  ^H 

■akarginj  Jirtrlct,  capiUI  Barlut  . 

... 

... 

^^ 

Balasor 

W    sS' 

"9a-                                                J 

1 * 

V    =r        W*    *      — :«. 
*t    or        «■   J*-      =.  pr. 

3*    ti*         gv'    a'      *!. 


Ut.N. 

Long.E. 

Paite. 

Cachar  district,  capiUl  Silchii       ^ 

... 

"09.  110.  243. 

Calcutta         ..,,,. 
Cannpore      ...... 

»"    34' 
3b'     3&' 

88°    aV 
So''    at' 

3o.*J,S7.nS,W«'' 
B57,  J77,  »-8,  3IS;  U4i 

Chaurha  Hat 

i4"      8' 

89°     33' 

J87. 

Chaodfcali 

»•    46' 

86°    48' 

59- 

Chaodpur 

»3''    13' 

,0'     42' 

313. 

Chapta 

*i°    47' 

?4°    47' 

6S,  71- 

Cheran 

=S-    45- 

Bo°    46' 

158. 

Chhuttik 

»5'     ■?' 
35°      i 

91°    47' 
9"°    43' 

7B,  dj,  1.6.  ao9,3;a,siB. 

346.  Jifi. 
J08,  318,  336. 

Chiknaeut 

»4'    56' 

9>°      3' 
91°    53' 

83"     13' 

344- 

30.41,64,  71.   110,  *», 

193-   ' 

Coconada 

16'    5;' 

Colaba  (part  of  Bombayl 

... 

Colgong 

*t     16' 

87'     17' 

log,  3»S.                  ^_ 

Comillsh        .         .         .         ,         f         . 

■»•     «- 

9'°    13' 

igS,  34S.              ^1 

»»•      tf 

r""  ^9* 

M,7l.                     ^ 

D«"» 

«3'    43' 

90'    16' 

■oj,  ago,  ji*.  j»),  343. 

Dalbol 

»5°    SO' 

^°     44' 

14'. 

DalMnp«j 

14°    a' 

V     7' 
90"    .7' 

w."  50' 

... 

Damn 

as"   S4' 

131,147.138.  iw  .^_ 

Damukdea 

«4'       a- 

89"     4' 

64.                         ^1 

Ua.a-Biri 

IS'    58' 

90"     38' 

V 

D«rangTri      ...... 

js'  33' 

9"'    *-' 

■53. 

D-jili-K 

Darraog  dislticl,  capital  Teipuc      . 

*t      i- 

88°     ,g' 

43.53,7'.  119,  191,  ait, 
3S3.  354- 

Pauki 

>S'     1.' 

9»°      3' 

170. 

Debra 

W'    .4' 

8J'    37' 

315. 

D-begam 

aj'    ii' 

7J°    5'' 

67,  71. 

»J"    39' 

77*    '6' 

«„. 

3:.     OS,    s^     a 
*     5^  PC      «         5- 

>f   ^         «•   ,r      ■«. 

^    r      »  f     :^ 

^    *  ^    ^        :S- 

as-   m         »r  «-      a^ 

ar    rf        *^    —      ^71 

IE'   *■        *r    a'      3B.  ST. 

*■  ^        V  a-     J* 

as  _:*. 

•:»>  s^  A.  nft.  3 


LaLN. 

Long.E. 

Page. 

KotEarh 

3«°    19' 

77*    aa' 

191. 

Kr'uhnaEu     . 

as'    V 

sr   33' 

43, 197- 

KuchBihlr    . 

rf-    »</ 

Bs^    =9' 

25.43.  75.  D>.   IKt.   tar. 

Kurigr.m        . 

JS"   Vl 

89"    46' 

aB7,  3SS. 
313. 

Ky.qkPja    . 

.9-    ..- 

93°    30' 

4'- 

UikngkoMUUIjrnkol) 

IJ°     J7' 

91°     54' 

116. 

Lakhimpur     . 

•7"     H' 

M°     10' 

M 

kP     a 

90-'     I.' 

■a;-                         ^H 

Lalltpur 

>4°     4t' 

78'    .8' 

-fl 

as"   40' 

91°  ir 

■ 

Lanbcnal 

aj'    3* 

4."    ,8' 

■ 

Lemy«hn» 

■7°     35' 

95"    H' 

1 

Loikrt 

ai'    31- 

90°     46' 

■ 

Lhasa 

aif  sr 

Si"      3' 

■ 

Lobp-r          . 

H"   49' 

fl,=    5.' 

■ 

Luckeewrai   . 

aj"    ll- 

W      ^ 

«4.f<.                   ^1 

Liicknow        . 

»«•    S.' 

80"     SB' 

7U                ^1 

LumdioK 

aO-    47' 

91'    .a' 

ig4>                   ^1 

Mtdhipura     . 

as*   SB' 

W    51' 

W5. 

M«Ih»pur  Jangle 

=4"    Jc/ 

90°    lo- 

109,  aga. 

M.E«ra          . 

aj'   •9' 

89°   aa' 

3*8. 

Mihiganj        . 

as"    43' 

89"    atf 

310. 

Main.»n!,ingh 
Mairane 

a4°    46- 

as"    34' 

90°   •?■ 

9»''     4»' 

JO,   91.    to;.    |(«     ltd, 

133,  asi,  31l,M5. 
1S7. 

Maldah 

as"      a' 

SS°    n' 

43.  *<^,  3a7. 

as*    39' 

9"'    33' 

,«,. 

Mandda;      . 

^ 

n'    59' 

96°      8- 

19]. 

Ma.|ald.i     . 

ar   a,' 

9a''      5' 

a6, 3J9.                        ^^ 

Maniksaoj     . 

»a-   53' 

90"       4' 

a 

_ 

a4''    48- 

94°       1- 

as,  no.  tiS,  34).^^H 

LaE.  N 

Long.  K 

Page. 

Mankaehar   . 

J5°    SI 

as-   Si 

■5,  <ei,  16 1 . 

MaophUns 

»s°    a? 

91°    So 

lis.  157.  "7'i 

M.o.mai         . 

as"    15 

B."    48 

a7i. 

16"     11 

81"       M 

Mo..t>rii-h<iTi  rUmi 

35°    3^ 

91"     SI 
96=     IS 

117,  ISO. 
'95. 

miiaiEnciuji  (^vj 
Mmnlu 

Meherpur       . 

aj"    47 

83=    40 

3>B. 

MidD*p>r       . 

M"    »S 

8;^    ai 

33,  no,  i9J,3aS. 

Mikir  Hilts     . 

a6°    13 

93°      0 

119. 

Miriaput       . 

»5°    16 

83°     3H 

65.  71. 

Mithapukar  . 

«°    M 

69'     10 

319. 

Moghal  Hat  . 

16'      tf 

89°    J. 

186. 

Mogra 

a)°   so 

91°     16 

3«.. 

Moker«        . 

*f    3i 

90°    S9 

130. 

Monghyr        . 

as"    aj 

80°     So- 

3-7. 

Monchordi      . 

as"    4T 

90°    40 

330. 

MowcsMar      . 

33°     59 

87°    49 

SM- 

Maktsgachha 

*4'     4* 

90°     19 

ai,  aiM. 

13°     33 

90-     3S 

3=9- 

Mtirshidabad 

-4*     11 

88=     W 

43.110,3".  33B. 

MyelatSt.     . 

10'    45 

96°    4S 

5a. 

Mjitkhina     .        . 

15°     24 

96°    a; 

51. 

N«dly. 

as"    as 

83^    as 

110,  ja8. 

^H 

PaUmau  diatrict,  ca^Ul  Daltonstn] 

Pancblnira 

dniathit  R.  . 

Paibatipl 

Patoa 

FipMa 

Pirgoiii 

Pundengra 

Puibaiathali 

Pur  nab 

Raj^riha  (Rajg^r) 

Rajihahi  district,  capital  Rampur  Beouleah 

Rambrai        . 

Rampur  Beaalsab 

RanKapnia    • 


WMX. 


fHUKR. 

1 

^^T^^^B 

Ut.  N. 

Lcng.E. 

Paec-                              ^1 

Sikbim  dulrkt,  dpiUl  bkriilios 

... 

^H 

SilclMr 

"4"    Stf 

9'"    5.' 

1:9.  ASM94.  3>8,   343,                ^^1 
3A6.  3SS.                                           ^^H 

aiilDri          .... 

■f    41' 

8S=    3»' 

<^3.  7'.  76.  381.                                 ^^1 

Smgi 

if    .1' 

91=     30' 

lai,                                       ^^H 

Si™JB»n]"      .        .        .        i 

.<•    .7' 

89=    47' 

301.  s>3.                                ^^H 

SiuiMukb    .... 

If    16' 

94°    45' 

'63.                           ^^^^^1 

SODUU              .... 

j6=    5»' 

B8-    .9- 

^^^^^H 

"!•      i' 

91°  »:' 

M4'           ^^^^^H 

33°  ir 

87°    «7' 

311-                           ^^^^^^H 

Srio.g*r        .... 

>3'    M- 

90"    ii' 

339.                                 ^^^^^^H 

Sukchar        .... 

'f  «■ 

B9°    57' 

^^^^^^H 

SulUnganf    .... 

rf    IS' 

86'    4?' 

^^^^^H 

Sullanpur      .         .         .         i 

.<•    ,!• 

Btf"      3' 

^^^^^^^1 

SuodefgaDJ    .... 

rf    »' 

89"    3i' 

^^^^^^H 

Sundye,  nx  Sandsi 

... 

... 

^^^^^H 

SiiP"I 

iS'      6' 

le  38' 

109,330.                      ^^^^^H 

Swi 

33°    S4' 

8;°    34' 

^^^^^1 

Sum 

.;•    ..' 

gi"  y.' 

^^^^^^^1 

Sutu 

34'    34' 

80=    54' 

.35.              ^^^^^^H 

Silhdt 

>4-    S3- 

91'  55' 

76,109.   M».  irs.    it9,           ^^1 

123,  134,    iGi.   ,;o,  171,                  ^^H 
■rs.  ><»,  374,34J.  34«,               ^H 
357.                                                ^^H 

T«g«uoF      .... 

33°    30' 

96°      4' 

^^^1 

Timbulpur    .... 

«!•    38' 

91°  i^ 

^^^1 

Tuieail         .... 

34°    14' 

89°    59* 

^^H 

T"pu. 

36°    37' 

9'°    5i 

^.,.,...,..3,....,.                 H 

19°     .,' 

M°    '6' 

^^1 

TiBp.«lt       .... 

.3°    4S' 

96'    n- 

194.                                                  ^^H 

Tindh»rU       .... 

37°    s.' 

88°    33- 

^^^^H 

Tinpahar       .... 

33°       .' 

87*    49' 

^^^^^^H 

T.pp«,»h  district,  capital  Comillah 

... 

... 

Mo,3]l.                       ^^^^^^H 

ror»    ....... 

X-    w 

89'     30' 

137.            ^^^^^H 

J 

TouDEOO  (Tanni  ogu)  . 


Ulipnr  . 
Utripuni 


VisbDupur 
VlE^^pataiii 


Vasdoon  (Nfanogduo)  ■ 
VktanK 


IT*     y 
it    %i 


18°     55' 

96"    31' 

>s-  aa' 

90°     16' 

J5°    si' 

9'°    as' 

^f  w' 

Eg"    41- 

Jfi"    4i' 

Bo*     10' 

»3°      5' 

87"     IJ' 

>7"    ■!»' 

83°     Jo- 

INDEX. 


Acceleration,  of  wave  particle 

78. 

E. 
44 

10. 

0     . 

59 

,  dirtributioo      .        . 

28 

,   in  eplcentral  tract    . 

126 

114. 

tz6 

387, 

379 

Agiam  Btrthquahe,  1880     . 

57 

Allan,  D.  C.       . 

34' 

AllaviuiHi  displacement  oC  . 

94. 

»97 

Amplitude,  of  wave     .        . 

ai. 

117 

Aaiasoa.  J.  A.      .      . 

98 

75 

156 

37 

Atsam  caoee 

,  fault  tcarpi in         .    13 

.  167 

368 

,  Beologiai  history    . 

'37 

,  physical  gcogtaphy 

135 

,  ittuctuce 

.    ICS 

369 

BarstU,M. 

-  aw 

377 

Bardalai,  Madhub  Chundra 

335 

Batinl  gan      .        .     300, 3 

3,198 

318 

«i.n,ic  origin 

105 

S8,6 

iGo 

Batavyal,  Umeih  Cbaadra 

.  3JI 

Beol  rails  .         97,  i8q,  jS6,  293.  397,  331 

Bliatta 9*  JSJ 

Bibliography gjj 

Bickers,  A.  L fS 

Biiryclists,  aftectcd       .         .  ■         .     3) 

Bolton,  C.W 3,8 

Bond,  J 362,  363 

Bonham  Carter,  N,     .         .         ,         .  330 

Bordwar  fracture         .         ,         ,         ,148 

BSrgen,  C. 343 

B«e.  P.  N a,  3,5 

Baucdillon,  J.  A 337 

Brahmaputra,  changes  erf  level  oa       .  163 

Biidgei,  distorted      95,  104.  374, 186,  a^ 

"■              338 
fl.ownluw.  H.  H 7, 

Borrard.  S.  G 58,  361 

Bysack,  Gour  Das        .         ,         .         .  aoo 

Cachar  earthquake,  1SS9  ■  ,  •  8j 
Calabiian  earthquake,  1783  .  ,  jn 
Cancani,  A.         .         .     304,  a  jj,  355.  MS 

Careill.J.D 3,6 

Carstai.s,  H 3,; 

Catania  ....  135,  340.  3H 
Causa  o(  eart  quake  .     i;G,  179,  367 

ChailestoQ  eatthquake,  1886  42,  48,  S7. 
Cbedraog  fault  So,  138,  145,  197,  369 


Cole,  H.  W.  G.  . 
Collitr,  P.  R.  S. 
CoIqahouD,  K.  A.  C. 
ComprBdion,  of  alluvium 
,  ia  Assam  raaei 


Construction,  ioRuenc 
Craters,    see  SamJ-yi 


Curtit.  C. 

Cjlindet : 


I'M.  345.  i57,  »8 


Darwin,  C. 
Davis,  W.  M.   . 
Daviaoo,  C.        ■ 
DeBure,  P. 
DeSowa,  F.  S. 
neTivoli.  ].  W. 
DUplaeeoients,  of  Hil 

,^__^ ,  of  Alluvium 

Diitortional  waves 
Dobson,  G.  T,  H. 
Duggao,  C.  R.  • 
Duration  of  ihock 


Eatth  quakes,  ChailesEon, 


Pack. 
5.  4*8,  A 


1 

/.  97. 

■ 

S7 

7 

,  Sumatra,  .892 

.Voaliziia,  1861 

86. 

Edinburgh 

ElavatioD,  changea  of ;  ace  Level 

,  of  river  bads        .  11, 

•>*,  3 

Elisor,;.     .         .         . 

Emorsoo.  T.         .         . 

EngUth.  A.  E.     . 

39, 

Epicentral  tract 

Eplctntrc,  eitentof     . 

■  68, 

EKhaDhagen        . 

Evau.,  J.    .         .         . 

Evans,  R. 

■57. 

FaiUt  du  miii  . 

Faults.  Assam  tango   . 

■67. 

.  earthquake       . 

So, 

FiEce.S.     .         .         . 

Fisher,  0.    . 

Pads. 

PAat. 

f 

LaTouche,  T.  D.     .      3,  gfi,  r7B,  aS7.  337 

Moyle.G. 

.         .         ■>8 

L«.  J.  H 337 

Mosuaida.,  Kcdarnith 

.         .         70 

Leehora 375 

41 

Level  gf  noitcua    ....      177 

Mnhe.jl,  Hirsnmoy 

.        .         a, 

Levels,  clango  of          .        16*.  363,  387 

Mukhopadhyay*.  Pya.i  I 

•»!       ■          3'.  5* 

.  reported        14   157.  '7' 

Napief,  C.      . 

35 

shocks        .        .159 

Newbould,  B.B.       . 

'       343 

Negative  raUtion.    . 

.       308 

Little,  C 59 

Newport 

.       33S 

Lisbon  eaithqoake,  I7S5          ■     371.  37^ 

Nlcholl,B.V..        . 

■       340 

Lu^soa,  e 33<i 

Liittmsn  Johuion,  H.       .         .           3.  378 

Oddone,  F.       .         . 

.         .       13« 

Lyal],  0.  R 35>9ii  9} 

O'Donnell,  H. 

38 

Oldham.  T.      . 

85 

MactDtoefa,  H.  J ^33 

Oldham,  R.  D, 

■      3»7,  377 

Mftdbupur  Jangle     .         .         .log,  19) 

0.iKin,timeol 

'S 

Madtutimo    ....        .       s6 

Overthrow,  direction  of 

Paulseo,  A.     . 

_  i8i,  185.189,  145 

'       '*^ 

Pavii       . 

Pereiia,  P.  0.  C.     . 

40 

Mallet,  R.       81, 85.  89.  aia,  aiB,  214,  ia6. 

Plai        .        .        . 

.      167 

Maxwell,  H.  St.  P.          .        .        .      103 

Poileoui,  A.  . 

.         ■       »3 

Meledn z»3 

Positive  roUtioo       . 

.       >o8 

Men.  stunned  by  shock    .        .        .      141 

Potsdam 

.     .   .1, 

^H 

INDEX. 


xvii. 


Page. 

Propagation^  unfdt  shock,  and  phase 

248,  251 
■  ■  3rd  phase  248, 

253 
Radice,  C.  A.  •        .        •        .      323 

Rails,  bent  97>  280,  286,  292,  297,  338 

Rajagriha,  hot  spring       •        •        4I»  32S 

Rebeur  Paschwitz,  E.  v.  .        •        •      251 

Ricco,  A.         •        •        •        •        •      335 

Riobamba  earthquake     .         •        •        81 

River  banks,  subsidence  of         .      106,  161 

—  beds,  upheaved        •       13.  104,  319^ 

Rivers,  rise  of .         •        •         .       107,  162 

Rome      .••...      233 

Rotation.         .         207,260,264,273,283 

St.  Dalmas,  H.  de  •  .  ,  .  37 
Sand-vents  •  I3»  i5,  258,  285,  392,  319 
^— ,  depth  of  .  .  ,  32a,  335 
*~,  distribution  of  •  •  .109 
»—■-,  formation  of.         •        •        •       87 

,  formed  after  the  shock    .  16,  so,  35, 

99>327t  334 

,  force  of  issue         15,  30,  25,  26,  loi, 

103,  333,  331,  335>  337 

— — '-,  temperature  •        ...        16 

Samin  fault     • 

Schmidt,  A      •        • 

Schmidt,  J.  F.  G.    . 

Schollengebirge 

Seebach's  hyperbola 

Seismic  area    • 

-,  extent  . 

— — — ,  outlying 

,  in  Italy 


.      147 

73.  I73i  176,  250 

•         86,  100 

167,  368 

73,  173 

•        42 

52 

50 

.      375 


Seismometers,  cylinder     394,  345>  347>  343 


Pagb, 

Shillong  plateaa,  see  Assam  range. 
Shuttle  worth,  A.  E.         .        .        .        36 

Siena       ••••••      336 

Sitakund,  hot  spring        •        •        •        41 
Smith,  F.  H..        •        •         •        •  4 

Sounds,  earthquake        •         4,  6,  30,  191 
'  t  heard  under  ground  •        •      191 


,  explosive.  ,  28,  194,  398 

See  Barisal  guns. 

Spinea  di  Meetre     •         •  •  •  375 

Stevenson,  S«            .         •  •  .  334 

Stone  pillars  fractured      173,  371,  317,  318 

Stow,  Mr.         •        .         .  •  •  60 

Strain,  level  of  No.          •  .  •  177 

— ^  preceding  earthquake  ,  167,  369 

Strassburg       •        •         •  •  •  337 

Stratton,  W.  •        .         •  •  •  60 

Subsidence,  between  fissures  •  •  91 

■                 ,  of  river  banks  •  •  106 

Saess,  F.  E.     •        •        •  •  •  57 

Sumatra,  earthquake  of  1892  •  370 

Sur,  Devendra  Bijoy        •  •  •  i6a 

Surface  waves   5,  6,  20,  36,  37,  36,  37,  40, 

253.  334,  335 
•-,  amount  of  tilting      34,  38 


",  height  . 
.-,  length  . 
-,  velocity 


Sekiya,  S. 
Shide 


.       133 

238,  256 


Tanks,  filled  up 
Thrust  plane  •         • 
Thurloe,  J.  W. 
Tide  gauge     . 
Time,  Standards  in  use 
—  -  in  Burma 
Trees  killed  by  shock 


7.  3*7 
.  7.  37.  337 
27»  348,  353 
18,104,319^ 

•  166 

•  3O>04 

.  57.  6S 

55 
•      68 

141 


Tmw(,J.W.        .       •       • 

Paoi. 
.      ii8 
38,  I99 
138.381 
.       3S 

Wwnefarf.B.       • 

WttetfiUIanMdbr 
W.«,«ccde.«tion 

.hdjM.      . 

fault 

3fc«5 

.        ?8.344 
.       8».  "7 
.          7.«7 

.     M7 

_^p«rtod.       .       . 

8,3S 

.     139 

,»eUicitjolpMtiel« 

.        8i,S43 

V«tl.««SMd-W0U. 

53. 70. 7*  a47 

TertJeml««npo»«^' 

i»o.3S" 

^nnbls 

7.  >•>.  37.  334 

ViiBtiai,G.     .        .        •        • 

.      »3* 

Weni.Gll«aap 

18. 104.  3"6#^ 

VbkttM  ol  Um  riMdt       .         • 

.       78 

Wait. CD.   . 

.        .      348 

VfrticoMdiMte      .        >        • 

•      ** 

.        .      S»« 

—       ■  COmriAam     .        • 

■la,  fli7 

White.  G.G.  . 

.       66 

_C.D.»toi«OB    .        . 

.       »Mi 

W!U«m..S.M.J. 

•        U 

86,  »o 

WilBuni,  0. 0. 

•        *9 

•.SM 

Wjli*  H.      . 

.        .         38 

WiliB«r,r.    .      .      .       ■ 

.         SI 

•j 


© 


I 


i«  ■ 


_It"^ 


GEOLOGICA_L   SURVEY  OF  INDIA. 


Q 


F.KappftC?  phr 


MAN  S  H  Al     BRID  GE. 
EASTERN   BENGAL   STATE  RAILWAY. 


£  < 


f 


GEOLOGICAL    SURVEY   OF   INDIA. 


WenmimVoinaPl   I 


nthml-Sunrey  of  India  Offlcts.Calt  una  July  1938. 


FISSURE    AT    ROWMARI. 


I 

t 

I 

:  I 
1 
I 


I      I 


! 


i  I 

I  ■ 


\\ 


I 


■■'Bar- 


■  t 

■  I 


11 


^ 


i 

\ 

\   'y*'y      v^^KfS 

•l  ■ 


li 


■■i 


.  I 


'  i 


*  H 

■J 


■? 


GEOLOGICAL  SURVEY  OF  INDIA. 


r.G.  2.    0:FH;ii  Or^  Tllf.  SUi'EHINrBNUliNr  OF  TiiLEGKAFliS.  BlilLLOKG. 


GEOLOGICAL  SURVEY  OF  INDIA. 


Memoirs  Vol.  XXIX,  Fl.  XVln, 


FIG.   1.    i!UIN'3  OF  GOVERNMENT  HOUSE,  SHILLOfJG. 


II 


1  . 


GEOLOGICAL  SURVEY  OF  INDIA, 


MemoiTB  Vol.  XXIX,  PI.  ZIX, 


JIG.  1.    QUI.-JTON  MEMOilIAL,  SHILLONO. 


FIG.  2.    THE  SAME,  AFTEK  THE  EAHTHQUAKE. 


Ill 


I  I 


> 

i 


'J     5 

I  f 


i 


1  . 


! 

!      I 

I   M    .    ' 

|l( 

t 
i   i  : 

i 


I 


1       : 


J     1 


:  I    1 


1  • 


GEOLOGICAL  SURVEY  OF  INDIA. 


Memoirs  Vol.  XXIX,  PI.  XX. 


FIG.  1.    D^ii'UTV  COMMlSSlOXEll'S  CUTCHE.iKY,  G.\-J.1AT1. 


FIG.  2.    Dil'UTT  COMMlSaiONEK,-a  CUTCHEaRY,  GAOHATl. 


GKOLOGICAL   SURVEY   OF   INDIA. 


Ucmoirs,  Vol.  XXIX,  PI.  XXI, 


:iLA  ■.■■  fi-  ::■-.: i.G--^; 


AKTtKS.  GACHATI, 


GEOLOGICAL   SURVEY  OF  INDIA. 


(iu.  ,.    Fl-^i-.-.i  AT  liAiT  ■^:;D  Or  GOALrA:LA  HAZAl 


GEOLOGICAL  SURVEY  OF  INDIA. 


H.  p.  Oldham. 


Memnin  Vol.  XXIX.  PI.  XXiri. 


IKn^^   ~ 

-— - — _ W^BM^I 

i;^' ri-WMliri' "" 

«i>^^^^^B  iiimmHru  m 

~Z- 

_-    1 

mm 

^    ^  -] 

ELYSIUM  HOW,  CALCtnTA. 


GEOLOGICAL  SURVEY  OF  INDIA. 


Memoirs  Voi.  XXIX,  PI  XXIV. 


FIG,  I,    No.  114,  CIRCULAR  ROAD,  CALCUTTA. 


FIG.  2.    HOUSE  IN  BENTINCK  STREET, 


GEOLOGICAL  SURVEY  OF   INDIA. 


■■  ■'■  '-'■ 

;.;.i:^  i;j  uu;.l:'ojnu  vi  J 

v 

m 

^^-^ 

i 
1 

s 

^B 

1 

^^S 

HH 

*— -'■  --. 

i£^ 

< 

■i 

^^^BI^^H^ 

'  -  1  '    ^^2 

..»dfi 

^ 

9Hl9l 

GEOLOGICAL  SURVEY  OF  INDIA. 


MsTEOirs.  Vol.  XXIX,  PI.  XIVl. 


+ 


ilDOE  uVK'-l  c-THKAM  AT   RANGPUR. 


FIG,   3,    BRIDGE  OVER  CANAL  AT  BANGPUR. 


GEOLOGICAL   SURVEY  OF   INDIA. 


B.  T>.  Oil-,im. 


I.  XXIX.  n.  XXVII, 


tlG,  I.    FIJSU.-.K,-  IN  tA.\DS10XE  AT  K1*GE  0 


HG.  2.    LANDSLIPS  Ui  EASTERN  GAKO  HILLS,  SEE^I  FKOM  BALPAKKAM. 


i  ' 

i 

li 


^u.'  i_^ 


GBOLOGICAI-.  SURVEY  OF  INDIA. 


MemoiraVo;   XTIX.  PI   XXVUI 


fH 

:■  UUKTAGA'JHA. 


yiii.  2.    HOUSE  AT  li'JKTAGACHA. 


►--« 


B"i 


Fia.    I.      UODOWNS    OF    JUTR    WLL,   SSRAJOCN.I. 


YUi.   2.    MAN.VIKRS    BI.NUALOW     .1UT1-:       M1IJ-,        SEIlAJaUNJ. 


llKOI.l)(il(Al.    .SIH\'K^-     OK      INDIA. 


ib 


^ 


u 


<! 


1 


GEOLOGICAL  SURVEY  OF  INDIA. 

R   D.  Cldham.  Mcmom  Vol.  XXIX,  PUtB  XXXII. 

I, 


Sf'f'i/^isfi'^^'^festfrrwR^ 


.,__.'  M5^\ 


na.  s.   CRACKS  I^'  wall  of  jail,  maiuaneingh. 


R.  D.  OUhMB. 


OSOLiOOSDAL.    SUaVEY  OF   INDIA. 

MsnMin  TsL  XXIX  PL  XXXIIL 


fr.m       A' 


WIL1-AN8      MEMORIAL,       8HILL0N0. 


t 


11.1X 


GBOL.OOIGAL.    SURVEY  OF   INDIA. 

Mmaatn  Y6L 


jojXf  TL  znnr. 


»./. 


I  t   K  i'i''x  /■  #' 


('■ 


'J^m^ 


S.pUlarJ'aUm,  due    N . 


f^-2 


^ 


1    n 


n 


en 


□ 


1 


twisU^  ^1 

pnml  ■        J  I 


W<B«l«m'  pillar 


»  I 


$i»  *; 


FUuv  of  N.pjUar 


fVnsf^e/^n'  pillar 


Eamit'Trv  pilLar 


N 


TWISTED    GATE    PILLARS,     SHILLONO. 


J    - 


f 


GEOLOGICAL    SURVEY   OF    INDIA. 

R.D.  Oldham.  Mamoin  Vol.  XXIX,  f  I.  JUXV. 


Monument  to  George  Inglis     at    Chotek, 

( Sf-r  Ft^onttiipiccr-  ) 


TWISTED     PILUARS     AT     CHATAK     AND     OHERRAPUNJI. 


/ 


i 

-1 


& 


\ 


\ 


t 


OEOLOGICAL  SURVEY  OF  INDIA. 


RECORDS  OF  THE  MAGNETOGRAPHS  AT  BOMBAY. 


\ 


vv\/\/\/lAAA/VVVW^^^.^^^v\Ay^-~^^AAAA- 


Y 


iOLOGICAL  SURVEY  OF  INDIA 


VOLUME  XXIX. 


r.HOLOGICAL  SORVEY  OF  INDIA. 


I.  Olohau,  A.R.5.M.,  FO-S.:  Ton  D.  U  Toubbi,  B. A. (Cantab J i 
C.  S.  MutDMHU*.  B-A.  (Cai>l*b.>> 

Otful.r  Saprriitlriniwnlr. 

P,  N.  Bom.  B.Sc^  lU»dDc),  F.GJL! 

f\l.  HdLMND,  A.R£J>^  rJi£.:  V.H.  |i*TrA,B.8c.(Unifai<i>,  r.CS.i 

F.  H.  SHim,  A,B.C.S. 

^Mittaaf  S»*ttiitlnidtmff. 

I.  H*nitN.  BJ\..  B.E.:  B.  VHDiKai'H,  R.U.  B.  Sc  (fWk),  A.R.C.^  < 
T.  L.  WAtKB*.  M.A.  (ICloj.(oti>.  I'h,  D.  (t-niptij;).  t 
A.  L.  KiA»rt  vow  Oi«j»«tt»iiwti'.  Pi-  U-  (VitiiMj. 

F«m  NoiTtiNit,  Ph.  0.  (BariU).  ECiGS. 

Him  LaLi  Ki«iiKn  SiHan- 
Arii^.  XtgUimr. 

W.GaiwtcK.  A.  E.  AvBtLiT. 


T.  R.  DLiTft. 
(IcAlt'pMt  MuMVRi.  LSirar;,  ud  OKtoi,  Cabtfl*. 


MEMOIRS  OF  THE  GEOLOGICAL  SURVEY  OF  INDIA. 

t.  Koyiii  Svo,  pp,  305,  i8j9  {outof  ptiM).    Pi.  I,  iSsS  (fia  Rb.)!  Pielim.Mir 

notic«  on    the  Coal    aud    Iron  of    Talchir, — On  the  geoloKical  MrUMurcaM 

rdatioDioi  the  Ttlchit  Coal-field.— Gold-yielding  deposiu  of  Upper  Aimmi^ 

Oa  (pecimcnit   of  gold  and  gdld  duiI  frnm  Sliud-gween.     Pt.  3,  185S  ifria 

•    3  R*,)i   Onlhegeologicaistiuclureof  aporlionof  thcKhasiNills.— Onlhv|Hk 

loSical  structure  of  the  Nilghiri  HillsfHadra*).    It.  3,  1859  {pricf  3  RtJ  sOo 

ihe  geological  structure  and  physical   feittutes  of  the  DUiricts   of    Bankan, 

MldnapufC,  and  Otissa.— OniheUteriteof  Orlua.    On  aome  fossil   Bah-tanli 

of  Ihf  gvni>i  Cerat(K!a»,  trom  Maledi,  south  of  Nagpur. 

ri.  Rtiyil  Svo,  pp.  ^i.  1854    (eut  p/  print).    Pt.  1,   i860  (.pritr  z  Ra.);  Onib 

Vlnilhyiin  lloek*,  and  theiT  anociates  in  Bundelkand.  Pt  3,  \S0o  (frirf  jRaj 

On  Ihv  i;iOb|{ic«l  itracture  at  the  central  poiiion  of  the  Nerbudda  Distiii^— 

On  the  tertiary  and  atliivixl   di'^osii*  of  the  central  portion  of  the 

Vnlley. — Oo  the  gealoE''^'  rslitions  and  probable  geological  age  o( 

syatiifn*  q(  loelci  In  Central  India  and  SengsL 

tit.  Royil  8vi>,  pp.  430.     II.  i.  iSfij  U'ict  3  Ri.)  (out  of  frini).    On  the  geDlo^cal 

atTUclurp  and  relatioriB  ot  thu  ftamEatvj  Coal-Geld. — Additional  remarh*  on  the 

Ceelogicii!  relaliani  and  probable  geological  age  of  the  several  sy:tteiTi!i  of  toeki 

Tn  Central  India  and  B on eal.-~ Indian  Mineral  Sutiitics,  I.  Coal.     11.1,1864 

ipTifi  i  Rs.) .    On  Ihu  SuD-H!Rialiyan  Ringn  between  the  Ganges  and  Bivi. 

JV.  Royal  Bvti,  pp.  4.<;o.    PI.  1,  i86j  {ftici  3  Rs.):     Report  on  the  Creucaoui  R««n 

of  Trickinopaly  Diitriet,  Madias,  Pi.  a,  1864  (jiria  a  Rs.)  {mit  if  prinl),*  Ob 

the  ilniduro  ol  the  DUtilai  of  Trichioopoly,  Salem,  be.    Pt.  3,  1865  {pitv 

I  K«.)  I  On  tb<i  Coal  ol  Avtam,  &c. 

V.  Royal  8vo.  pp,  354.    Pt.  i,  1863  {>•<>»  3   R«.)   (out  of  print):   Sections  MtoK 

N.-W.  Hinral»x«,  from  Sullcj  to  Indos.— On  the  Gypsum  of  Spili.     Pt.  %,  iM 

ifrict  I  Ke.)  =  Oil  the  Cto\ogy  ol  Bombay.    Pt.  3.  1866  ipnice  i  Re.)     (mT  V 

PrittVn    On  the    ]h«rla  Cu»l-n*l(l-—C>ciiU)dcal  Observations  on  Weilern  Ttel 

VL  Royal  8vo,  pp.  395-    Pt.  1.  1867  (.P"»  »  As,):  On  the  Neighbourhood  of  l^njab. 

&&,  in  Stnd^— Gooluey  of  n   PatUon   of  Cuieh.     Ft.  s.   1867  {pritr  B  lUJ 

{nut  of  print):  BokSta  Con! -Held.— Rim  natli  Coal -Geld.— Traps  of  Wenon 

and  Cantral   India.    Pt.   3.   iSOg  (prie*  3  Rs.  8  As.):  Tapti  and  Nerbidk 

Vailey*.— FcoEJietlt  In  Bon^aT — OnygUaim  fuMVits. 

VII.  Royal  Bvu, Pp. 343.    Pi.  !,■  ifA^lfiriti  3  R')"  Vindhyan  Series.— Mineral  Sa- 

tiiiics.— Coal,— Shillong  l>UiMu.     Pt.  3,  i%To(p,icr  i  Re.):  Karharbii!  Coat- 

field.— Dooghar  Coal-field.     Pt,  3,   1871   {pritt  1  Re.);  Aden  vatcr-iupplj/^ 

Kiraiipura  Co£j-fietdi. 

Vllt.  Royal  8v(>,  PI-.  353-    Pt,   :,  1871  (pricr  iKi.)-.    Oo   the   Kadapah   and   Knhnl 

tormatiunlr  in  (he  M.idras  t'residoncy.     Pt.  3,  i>ija  (fitice  i  Re.)i  IthhuriOlU* 

field,— Dallonganj  CiiaJ'Geld. — Chope  Coal-field, 

tX.  Royal  8vo,  pp.  iv.  358.    Pt.  ',  1873  (pfi«  4  Rs.):  Geology  of  Kutch.     Pt,  S,  Afx 

t/ri'w  t  Ete.)i  Qoology  of  Nagpdr, — Geology  of  Sirban  Hill.— CarbonlMMi 

An>Qiao>la<ii  pp.  6j. 

X.  Royal  Svo.  pp.  3S9.    Pt.  i  (prict  3  Rs.) :    Geology  of  Madras.- Sdlpura  Cokl' 

baiin.    Pt.  a,  iS;4  Ifiti  a  Rs.) :  Geology  of  Hgr 

338.    pt.        -  ■         "   •    "     ■ 

-  .1.  1876  (P'       ..        .  „ 

„      MI.  Royal  8ifo,  pp.  363.     Pt.  i,  t877(pr'"3  Rs.) ;  South  Mahritu  Cuuntry.     ft.* 

:876  tp'ia  3  R*.):  Coal-fieldj  of  the  Niga  Hills. 
,.     Sill.  Royal  B™.  pp.  348.     Pt.  I,  1877  {priet  3  Rs.  8  As.)  ;  Wardba  Valley    Coat-B«. 

Ft.  a,  ia77(priw3  RB.eAa,):  Geology  of  the  Rjjmahil  Hlllf., 
^    XIV.  Royal  B»o,pfr.3I3(  1878.    Geology  oE  the  Salt-range  in  the  Punjab. 
.      XV.  Royal  Bvo,  pp.  igs.    Pi.  I,  iB^sGi^'M  3  Rs.  8  As.):  (Oology  of  ihe  Auruncaaad 
Hutjr  Coal-Gelds  (Palamow).    ft.  2,  18S0  (.^r^ff  2  Rs.  8  A^.) :    R.imkola  and   ' 
Tstap,-ini  Cual-fielda  (SirgujuJ, 
.     XVI.  Royal  8vo.pp,  s64-    Pt-  t.  1879  {priet  1  Re.  8  As.):  Gaology  of  Eastern  CoMt 
from  Lat,  if  to  Masnlipatam.     Pt.  3,    tSSo  (prict  l  Re,  8  As.) :  The    N^lcM 
Portion   of  the  Carnatic.     Pt.  3,  1S80  {prict  2   Rs.) :  Coastal   Region  oi  tkt 
Godttvari  District. 
.  XVll.  Royal  8to.  pp.  303.    Pt,  i,  i87gOrif*3  Rs.):  Geology  ol  Western  Sind.     Pi.  1, 

1880  Iprict  2  Rs.) :  Trans-Indus  extension  of  the  Punjab  Salt-range, 
.  KVtll.  Royal  iivo,  pp.  300.     Pt.  i,   i8tji   {pricr  a  Rs.)  :    Soathern   Afghanistan.     Pt.3, 
iSSl  C^rice  I  Re.  8  As.)  tout  of  print)!     Minbhum  and  Singhbhum.      Pt.  3. 
)S8i(/>riVe3  Rs-)i    Frlnhiia-Gudivari  Valley. 
XIX.  Royal  bvn,  pp.  34'.     Pt.  i.  188s  ifriet  a  Rs.)  :    The  Cacfaar  Earthquake  of  iSte. 

Pi. 


I  Re.):  Thermal  S 

eataloeue  of  Id 

ian   Efrthonakes. 

arts  o!  Manipur 

ndthe  rViea  Hills 

1,-Geoi.yy 

r^  t!u  5,il-%!  K.:i, 

lerria  Cunl-j 

li;-lii(«iH.  aionp;' 

t.—A'iiffiii  1 

r;..-  Lih-Blily  .-.'  lull 

F  Bh.in....    1 

l'r-:i.i.:r^T<  l<c..-.r 

rea  in  I't^h- 

r  !!uru,i,      V-vilur 

«lcm  DiMrv 

■t      Or  :,v  ( t,riirr 

Wer.  M«^,-u 

r.-Re|».ri  . 

lecond  Noll 

■  .■«    MiM.Ti.;(lj'.' 

lOTicai  Di3tri<- 

t.  iS.  1  I.'. 

r^Nolis ..H  ; 

nrtbi-r  Not.- . 

.  K-i.-.t'...   .■:.-.    

'«  Alluvlnl  .!■  1 

[.—On  thi.- 1.' 

OMiU/..,.-:    ■ 

r»nitcii;  .'.'.' 

—Ob  (.V.  f. 

'ith    map    Ji' 

itk  special  ., 

agnutite  /i.i 

pi.e(Hau;;l,l. 

'"'^■''""!-'^"V„,.  x:;v!i. 

.—Annua!  rri 

lortfiT  ifi,7.     kenoituB/...-  L 

2  pl.1t«»).    ■ 

.—Note  ON  !'■ 

if  Cliemiml  qiinlUirs  i-i  I'ctroli 

jal-fi«ld.  Hyil' 

urnbad   (n-ccaiij    (wi:.,  i ...;. 

1,  (I^irliw.ii  (Bill:  K,  i.:;:t,-  ,■.;■.',  j 

.-0«  //;f  C  1 

larhnrbncl)  (  ■ 

d  8  |>Lii<."'  > : 

iPrcvclaL.- 

plate.). 

.—Kote  >ii  '. 

'.'■/''■,"■"  '■■■  ."■':■"'■■■  ','■  ," 

losphatic    ^.i. 

'\'^-^''-\   •.""'•  '■■rr'  '■■.  '.J':!J' 

ica-Hyiwtsti.' 

"""<"■ -■■'■■  "^;';''':V:.-/-,-;' 

.  — t/B  fAl'  I. 

afhieal  tw  .• 
■  ftlroleun. 
ntioncft-. 

—Ob  the  '  ■■ 

:  th,  i.- 


nd  ,./  I..: 


7  31U-, 


;  inUrUTi) 


.'Itca-bai'ic  ri>ck9  anit  derived  ininernls  n/tht  Chalk  (Maj>ne:iitc)  hMU 
ntar  Saiirn,    Marlias  (with  3— D  plates).     PteUmiHUty  BBItiamamt 
\  in  tke  S-jXem    and   Coimbutore    diitrict^,  Madras  (with  7— 9  plates). 
im  and    K;/aniti:    in  tAr    Maiibhum    district,    Bengal.     On 
and    Dk,    KuRT%   surf    an  ;Ac     anciiut     titcgtafhf   */ 
n  fjlie  Cro/aif  I'ciil  5HrMj>  I)/ /iiji'a. 
r  Ignuous  kucks/ren  fiii'  Tuthi  Valley.     ^Df»  /rem  fA*  Gtalcgical  Survey 


-  tteport  an  the  Steatite  ai 
-idhjan  (Sub-Kaimur)  area 


Vol.  SJCK.  ie&r. 

>*•*(  I.— Aiiaual  Rnattlar  i^gG,     On  mric   tiont<  tnit  it^-vtuedB ft-. -   0«| 
fluw.  .••  S.i-'h'.v,    tM.'ii    («111.  ,!Ui«  l-n  U)l     Tif  nf^fnif  rf  U"  f* 

I'lBdluinnl  (wUb  p1«itu  VI  i 


1'tM  pda  5«>1  (a)  II 


■t.r~Tlke  fifrarJiftatiilMif/miliiitd/rtm  tlu  tii  Jamiarx 


\i\zrv\  !  A \ii;/\(:i^ 


"MCATIONS. 


551   2254  044  p 

Report  on  the  great  earthq 


*  '■  ■  I  ■  II II  •!    ill    II      II'  'II  II    II  I 

3   6105   031    337   707 


DATE  •_;■,£ 

•H 

.          _          j^ 

i 

• 

■Jll.-.^l.:^r':.. 

—  • 

1 
1 

1 

1                   ■■■                 -                d 

\ 

1 

i 

.  . ..  _    J .  J 

i                         i                         1 

I                                    1                                    ■ 

1 

! 

1    .7    l'"7 .   ] 

i 

\ 

1 

• 

... .  i 

1 
• 

1                                                 1 

1 

1 
1 

STANiORD  UNIVERSITY  LIBRARIES 
STANFORD,  CALIFORNIA     94305-6004 


